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FOREWORD 


The report presents the outcome of the academic initiative 
taken by my colleagues - Dr. J. Mandal and Dr. O.N. Singh of the 
Department of Education in Science and Mathematics. It depicts 
various instructional strategies for transacting EVS (Science) and 
Mathematics at Primary stage. Keeping the professional needs of 
primary level teacher educators of West Bengal, the instructional 
strategies are formulated centering on living things - animals and 
plants, the universe, some physiological processes in the human body, 
magnetism etc. in the area of Science, while focusing on the concept 
of real numbers, subtraction, division etc. in Mathematics. Well, the 
task involved was performed through reflection and action in 
workshop settings involving experts and teacher educators. The group 
formulated the various strategies in tune with science and 


mathematics syllabi of the Primary Board of West Bengal. 


I appreciate the efforts of the experts - both internal and 
external - in generating the various strategies outlined in this report 
and hope that these ideas will be useful for teacher educators, and 


teachers as well. 


M.A. Khader 
Principal 


С65666%6566666604666666%860448484444444444444 


‚ Acknowledgements 


We sincerely express our deep sense of gratitude to Prof. M.A. Khader, 
Principal of the Institute for his academic inputs, administrative support and 
constant inspiration in the preparation of the final manuscript. 


Our grateful thanks are due to Prof. МР. Sinha, Head, DESM and Dean of 
Instruction, RIE, Bhubaneswar for his academic inputs, keen interest and sustained 
cooperation throughout the programme. i 


We wish to express our gratitude to Prof. D. Lahiry retired Professor of 
NCERT, Dr. К.К. Chakraborty, retired Reader in Mathematics, RIE, Bhubaneswar 
and Prof. P.K. Durani, Prof. in Botany, DESM, RIE, Bhubaneswar, for sharing 
their rich experiences with the participants, reviewing the draft manuscripts and 
helping in the preparations of the final manuscript and making the programme a 


grand success. 


We wish to express our grateful appreciation of the work done by 
Dr. (Mrs.) N.T. Chhotray, Dr. D.G. Rao, Dr. P.C. Agarwal, RIE, Bhubaneswar, 
Dr. A.K. Chatterjee and Dr. K.K. Dey of DHT college, Kolkata and participants 
of PTTI's of West Bengal. Hearty thanks are due to Directorate of School 
Education, West Bengal, Principal, DHT College, Kolkata, President & Secretary, 
WBBPE, and Director of SCERT, Kolkata for their kind help in deputing the 
participants and extending active support in conducting the Phase II of the 
programme at SCERT, Kolkata. 


Sincere thanks are also due to DEE and accounts personnel of our Institute 
for their support in conducting the programme. 


Last but not the least, we express our sincere thanks to Acharya Associates, 
Acharya Vihar, Bhubaneswar for typing out the report meticulously within short 
span of time. 


Jaydip Mandal 
O.N. Singh 
Programme Coordinators 


сСССЫС56666065604666664%0656064444444446444 


Foreword 


CONTENTS 


Acknowledgements 


Introduction 


I. Science Section 


ut 


N 


о со ~ су л &® U 


Living and non-living things 


. Living things - Animal and plants 

. Importance of pure water, food and air 

. Force and work 

. Some physiological processes in the human body 

. The Universe : The Sun, The Earth and The Moon 
. Functions of the Parts of A flowering plant 

. Magnetism 


. Electricity and its use 


10. Types of rocks and soil 


II. Mathematics Section 


1. Concept of Real Numbers 

2. Number system 

3. Place value of Numbers 

4. Some Basic Concepts in Elementary Geometry 
5; 
6 
T 
8 
9 


Addition 


. Substraction 
. Multiplication 
. Division 


. Multiples and Factors 


Page No. 


iml 
121 


128 
143 
150 
158 
173 
176 
183 
187 
190 


POE RUB RRERESESESES ESE EEE REESE ESS S| 


INTRODUCTION 


The emphasis has been placed on sharing practices, ideas, research and 
strategies to address common concerns in primary school science and mathematics 
education while acknowledging, honouring and incorporating differences in 
approaches based on geography, history, culture and/or language. 


Noting the trend of curricula in our country emphasizing rote memorization 
of the facts of science, examples need to be provided of "hands on" approaches to 
teaching that had been developed and implemented in diverse regions of the world. 


Now the challenge we face to make new instructional strategies for science 
and mathematics available to teachers in primary schools in impoverished areas of 
India. Our major concern is in making teachers more confident, comfortable and 
knowledgeable about the content they were expected to provide to children. There 
is a need to provide not only training but also emphasis is placed on hands on, 
integrative approaches to science teaching based on locally available material and 


locally meaningful themes. 


The challenge for India, stems from the need to provide appropriate 
instructional preparation and professional development for a large number of 
teacher, geographically dispersed over great distance, in ways that are educationally 
sound. Goals for primary school education in science and mathematics extended 
beyond cognitive and skills development to include social, cultural and moral 
development. There was universal recognition to include social, cultural and moral 
development. There was universal recognition of the value of active learning and 
hands on approaches to teaching science and mathematics. 


Beyond the key issue of universal access to education for girls and boys, 
there were concerns about mechanistic (rote) approaches to teaching and learning; 
learning experiences not connected to local situations; and inadequate participation 
of the science community in efforts to improve science and mathematics education. 


Now what kind of programme is required to prepare teachers who can teach 
a new curriculum using more active methods? Subjects taught at the primary level 
were mathematics and environment related activities. Environment then becomes the 
basis for teaching other disciplines including science. At upper primary science is 
taught as an separate subject organised around five areas of study: (1) The living 
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world, (2) The physical world, (3) The material world, (4) Earth and the Universe, 
(5) The world of Technology. The goals for science necessarily were directed 
towards providing students basic education needed to manage their lives and their 
health. 


The curricular needs regarding Science and Mathematics (EVS II) at Primary 
level, though, are taken care of broadly in the syllabi and textbook, there exists 
information gap with reference to knowledge, understanding, and application 
abilities. The unique position of science as a subject in the curriculum necessitates 
periodic introspection and development of necessary instructional contrivances to 
mitigate the problems. Teachers find difficulties in transaction due to lack of 
enrichment materials and appropriate strategies. The present programme was felt 
need by the State of West Bengal for the development of instructional strategies. 


The objective was to develop instructional materials emphasizing different 
strategies on the identified topics in EVS II (Science) and Mathematics. 


The methodology includes (i) critical analysis of EVS II science and 
mathematics textbooks of West Bengal and identification of thrust areas with 
reference to major concepts and minor concepts. 


ii) To develop enrichment materials and instructional strategies on concepts and 
subconcepts. 


In Phase I of the programme held on Oct.1-4, 2002 at RIE, Bhubaneswar, 
six internal resource persons analysed prescribed Science (EVS II) and Mathematics 
textbooks of W.B.B.P.E. and major and miinor concepts were identified and 
suggested suitable instructional strategies to be followed by the teachers during 
transaction in the classroom. 


In Phase II of the programme which was held at SCERT, Kolkata from Nov. 
25-29, 2002, a brief report was presented at valediction on 29th Nov. 2002 as: 


It was my pound privilege to present the brief valedictory report about the 
programme and the work done during the 5 days development programme entitled 
"Development of instructional strategies for PTTI's with special reference to EVS 
II (Science) and Mathematics at Primary level of West Bengal". This programme 
was as request programme from W.B. Government which was taken as a challenge 
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by our Institute and successfully completed with the kind efforts of our Principal 
who took a personal initiative to overcome the various initial hurdles in respect of 
finalisation of venue in particular. I should express my gratitude to Director, 
SCERT, West Bengal, his staff, research scholars and the administrative staff of the 
institute who left no stone unturned to see the materializing of the programme and 
ensuring the full participation of the resource persons from PTTI's in West Bengal. 
A total of thirty seven participants participated in the programme which included 
16 resource persons from different PTTI's of West Bengal, 2 resource persons from 
David Hare Training College and 5 faculty members from NCERT and RIE in 
addition to resource support provided by Director and Assistant Prof. and six 
research scholars from SCERT. The inaugural session started with welcome 
address by Prof. P.K. Durani, RIE, Bhubaneswar. This programme was inaugurated 
by Prof. Dilip Kumar Chakrabarty, Principal, David Hare Training College, 
Kolkata. In his inaugural address, Prof. Chakraborty, commended the efforts of 
NCERT, New Delhi and RIE, Bhubaneswar in improving the quality of education 
in general and universalisation of quality elementary education in particular in the 
country. He further appreciated that the programme of this kind will have far 
reaching effects in improving the standards of Primary Education in West Bengal. 
The inaugural session was also addressed by Dr. R.N. Dey, Director, SCERT, 
Kolkata, Dr. Swapan Kumar Sarkar, Secretary, WBBPE, Prof. D. Lahiry, retired 
Professor of NCERT, New Delhi, Dr. K.K. Chakraborty, retired Reader, RIE, 
Bhubaneswar all of whom explained the importance of programmes of this type for 
quality education to school children in the country. The inaugural session came to 
and end with vote of thanks by Dr. Jaydip Mandal, Programme coordinator and Sr. 
Lecturer, RIE, Bhubaneswar. This was followed by formation of several groups and 
the group works started separately in mathematics and EVS II (Science). It is my 
great pleasure to keep on record the sincerity of all the resource persons who put 
in their efforts and worked sometimes overtime following a preset format for the 
schedule of work to my entire satisfaction. The major topics on which the teaching 
strategies were developed, included Living things-animals and plants, The Universe, 
Magnetism, Electricity, Some physiological processes in the human body etc. in 
EVS (II) science and Concept of real numbers, addition, subtraction, division etc 
covering textbooks of Class Ш, IV and V followed in primary schools of West 


Bengal. 


I am highly indebted to our ever dynamic Principal, Prof. M.A. Khader, 
who has been associated with this programme right from the inception to its logical 
conclusion. His expert discourse on pedagogical rationale on strategies for 
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preservice and inservice teachers was highly illuminating and thought provoking 
which was evident by the lively discussion that followed one and a half hour 
lecture. 


I thank our Principal Prof. M.A. Khader, Dr. R.N. Dey, Director, SCERT, 
Dr. Sujit Mukherjee, Asst. Professor, SCERT, Prof. D. Lahiry, Dr. K.K 
Chakraborty, Dr. Dilip K. Chakaravorty, Dr. Swapan К. Sarkar, Prof. Р.К. Durani 
and Dr. O.N. Singh for their unwavering help for the success of this programme. 


I am really thankful to all the participants who have come from different 
corner of the state and putting their soul and mind to make this programme 
successful. Really at times we have tested their patience but fruition of their 
patience will be ever sweet. 


"The Phase III of the programme was organised at RIE, Bhubaneswar from 
March 24-28, 2003 to review and validate the draft report on enrichment materials 
and teaching strategies developed in Phase II of the programme. A total of 8 
resource persons including two external resource persons and six internal resource 
persons participated in this programme. The draft manuscript was reviewed and 
refined and valuable suggestions were given for improvement of the final 
manuscript. 


I express my deep sense of gratitude to Prof. M.A. Khader, Principal, RIE 
for his constant inspiration and administrative support. My heartfelt grateful thanks 
are due to Prof. M.P. Sinha, Head, DESM and Dean of Instruction for his kind 
support and constant inspiration. 


I am grateful to Prof. D. Lahiry, retired Professor of NCERT, New Delhi, 
Dr. К.К. Chakraborty, retired Reader, RIE, Bhubaneswar and Prof. Р.К. Durani, 
Professor in Botany, RIE, Bhubaneswar for thoroughly reviewing the draft 
manuscripts and invaluable suggestions for the improvement of the final 
manuscripts. 


I wish to express my grateful appreciation to internal resource persons for 
the work done for the improvement of the final manuscript. 
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To improve the teaching status of science in different Teachers’ Training 
Institute this Part of the module must focus on the objectives of teaching in 
P.T.T.l.'s. Once the objectives are identified the teaching strategies of entire 
curriculum will be very clear to the teacher educator/teacher trainees. 
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Objectives Suggested Teaching Strategies 

То make the teacher trainees 1. Teacher educators should ask . each 

aware of syllabus and the trainee to collect the syllabus of EVS II 

objectives of EVS II (Science) (Science) and Mathematics to review the 

and Mathematics in primary same thoroughly. The teacher/educator 

classes should discuss the objectives of teaching 
EVS (Science) and Mathematics т 
primary school. 

To develop confidence ineach 2. It is the duty of teacher educators to 

teacher trainee by giving refresh the subject/content knowledge of 

sufficient content knowledge the trainees. The teacher educator will 

of the subject. read the chapter properly and clarify all 
the doubts that arise. In case trainees do 
not find any difficulty in understanding 
the specific content or do not have any 
specific question to be answered, teacher 
educators may mention some exceptional 
cases and critical examples, to enrich the 
content knowledge of the teacher 
trainees. 

To enable the teacher trainees 3. Teacher educator should discuss various 


know about different aspects 
of teaching EVS II (Science) 
and Mathematics in primary 
classes. . 


methodologies of teaching science (e.g. 
observation method, demonstration 
method, Heuristic method, project 
method etc.) in primary classes with 
suitable examples. 

The trainees should be made aware of 
the fact that no specific method of 
teaching of science and mathematics is 
self- sufficient. The teacher trainees may 
choose any method or combination of 
methods which they think as the most 
suitable for teaching a specific concept. 
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Objectives 


To enable the teacher trainees 
to develop the skill of 
performing different practical 
works or scientific activities. 


То develop skills in 
writing of lesson plan (daily 
and yearly) and also to 
develop the skills in the use of 
teaching-learning materials, 
use of blackboard, skill of 
questioning, skill of 
application of different 
methods of teaching in 
primary classes. Р 


4. 


them, 


Suggested Teaching Strategies 


The trainees may not be able to perform 
the practical work in the classroom 
satisfactorily in front of the students 
unless the trainee himself has tried it first 
during the course of his/her training in 
the Training Institute. It is therefore, 


very essential to test the workability of 
the practical work before demonstrating 
it to the students. 


The trainees may be divided into 
several groups depending on the number 
of trainees. Each group may be given 
one or two activities like preparation of 
charts, model making, collection of 
different specimens from nature and 
preserving them etc. Training thus 
imparted can be transacted with ease to 
the pupils in the class. 

The trainees may be encouraged to do 
different experiments and exhibit them in 
exhibitions conducted by teacher 
educators in Training Institute. They may 
also be given some scientific topics to 
discuss in groups which will be evaluated 
by the teacher educators. 


The necessity of preparing lesson plans 
must be discussed clearly by the teacher 
educators. The most important aspect of 
lesson planning is that the trainees should 
be given clear idea of yearly lesson plans 
so that they can select the portion of each 
topic to be taught in the class properly. 
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Objectives Suggested Teaching Strategies 


The teacher educators will make the 

trainees to write lesson plans daily, 
collect or prepare teaching-learning 
material and practice teaching in schools. 
Their teaching strategy is to be 
supervised by the teacher educators. 


Comments : Every teacher educator 
should write his/her own yearly planning 
of teaching which may be approved by 
the Head of the Institution. 


EVALUATION: 
For evaluating the teacher trainees as well as pupils in the primary schools 


evaluation on remedial teaching is necessary. For the purpose of evaluation the teacher 
educator should keep in mind certain points while selecting an evaluation device. 
Firstly, the teacher educator will remember that objectives to be evaluated are more 
important than the kind of device/instrument to be used. For example: Evaluation of 
knowledge or identification might require an objective test. Second, good test questions 
are difficult and time consuming to prepare, and they should be constructed with much 
thought and care. Third, all tests contain an element of objectivity, some tests more 
than others. The following devices/instruments of evaluation can be followed: 


1. ' Periodical Testing 

Comprehensive Evaluation 

Asking questions of true-false, matching items / Multiple-choice / Recall or 

memorization / Error correction / Completion items/recitation (question and 

answer method) 

In the form of quiz / debate/crossword puzzle /puzzle wheel 

Collection of pictures/making collage etc. 

Making models and charts/ science magazine 

Silent sitting / Role playing 

By playway method 

10. Oral discussion is more effective in appraising the children’s knowledge of 
science content, in determining scientific attitudes and in diagnosing the 


Serco oY Ж 


children’s strengths and weakness. 
11. Simple objective tests/easy questions/problem situation questions/thought 


questions 
12.  Checklists and rating scales to evaluate both individual and group behaviour. 
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FORCE AND WORK 


Teacher trainees will be able to: 


1) demonstrate the change of motion by the application of force 


2. demonstrate the application of muscular force 

З: give examples of applications of muscular forces by different animals 

4. know that force is required to do work 

5. know methods of reducing friction 

6. perform simple activity to compare weights of different bodies 

Ta perform activities to demonstrate frictional forces 

8. compare the useful and AN effects of friction 

9. describe some of the unusual situations in the absence of friction. 
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THE UNIVERSE 
(THE SUN, THE EARTH AND THE MOON) 


The Teacher trainees will develop competencies in many directions. The 
teacher trainee will able to 


15 discuss ће real and apparent shape of ће earth. 


2, explain why the earth looks like a flat body 


ge impart knowledge why upper surface of the earth looks like a plane rather 
curved 
4. perform experiments to explain and demonstrate the apparent and real 


shape of the earth 


5: explain and demonstrate the causes of shadow formation 

6. compare the size of the sun and the earth 

7, understand how we see planets by reflected light 

8. observe morning and evening stars and to note of their position and 
appearance 

9. to demonstrate how the sun causes day and night 


10. explain why the sun is red at sunrise and sunset 
11. observe and compare phases of the moon 
12. explain how does the moon cause tides 


13. demonstrate the solar and lunar eclipse 


14.  impart knowledge and demonstrate how to watch a solar eclipse. 


58 


(uou ст) 000*000*0ST зподе st ung au “ee og Jo 1әәшетр ә иер 
lo81e[ зошт 601 Moge 51 Чотщи (sepu 000°098) SIWON 000*08€'T зподе SI lojenbo $1 је 
ung оф Jo 1ojeurerp L “eg оф UEY 1931] цопш st ung IP aeu MOL pneus 9пауээчтелт, 
"(niea UO Sn о} 19300 цопш OS ST 31 обпеоод $$ 12410 әш ULY JOSIE] 54001 11 Inq “WIS 2810] 
v JOU SI 1] `ә$1әлїш[ү оф dn эхеш $$ JO suor[q оф jo suo st ung OY] WIS ® SI ШП AL 
"авлолт у әң} зподе oSpop^oux элош лошев oj папа/ээшел эф Чәч Кеш Joyeonpe јоцовој, 


"epp 20 тој pue xoeq IAOW SIRIS JUVISIP 9520 WOY Ist] Jo 
sKe1 шїп одеш ле 5 рез оф JO JUWA "uro зе dn Yoo] ом пәцл\ 1480 Jo sjop [Tews Ашо 
are Kay) yey) Кеме те} OS әле SIKIS IJL "лез ay) шолј ээшазтр pue “2215 ‘әлуеләйшәј sit uodn 
ѕриәдәр Ieis ? JO SsoMYSIIG eu `1]5 мора e se paljissejo 51 ung INO '(snts[e? «000$ зподе 
әлтуезәйшәј ooejins "js2p[O) 1е1$ poi pue (snis[o) „000ў `@шә} ooejgins) 1е1$ э8иезО “(515190 
0009 зподе әлцеләйшә} svens) 1ejs MOMIA ‘($1120 00006 0} 900€. 11098 олтјелод шоа) 
govjins) s (15ә8ипоҝ) MYM JO зицл-опја зле IYL '1ој02 овиецо рие 121005 ошозод 51815 
lop[O Jo sooejing ‘әлтуеләйшәј pu? ose əy} uodn Зитриэдэр ‘inojoo ur 19gIp SIGIS JEY теэр и 
одеш Три 2ојеопрә лоцовој, "5101819015 ројјео әле ‘asned [2124 ay] $115 о8лер Á19A pue 50818 
рәүүео эле ‘ise8ag эх ‘5181$ 2312] pue Semp ројео эле *ung eu exI[ ‘SINIS Пешб "SUOH29IIp 
е ur ooeds ysnomp ÁA]pide1 олош Кәц} әѕпеоәд uonisod рэхц ? ш JOU әле 51015 IVY JO этеме 
эле s[idnd/sooure1] 'одо рэхеи оф WIM Uses eq ULI 0005 зподе Ашо (5 eq ш $115 ssepunoo 
эф JO 3480 umo лош ээпроза Кә pue ‘aoeds ur suns эле $1215 "uondoouoo тез? әлец Ol 
папа 10 samen oy diay pue osreAruf) оф Surure[dxo ш o[o1 pexa Ава Аеш Joyonpe зоцовај, 


5918912115 8шцовој, рэ35э88п$ 


1018 $1 ung au] 


(sjdo2uoo 10fe 


2215 ш лэтр $181$ (Al 


олтјејодшој pue обе 
*1nojóo ш лају р 51915 (ш 


зртшла 0} WS 5185 (И 
1431] имо 

лоф sonpoid 51215 (t 

(s)}da0u02 лошу 


32205 ш 5101$ 


(S1do2uo2 лоЃеудү 


59 


"ung оф Jo 131129 оф је pue эовута$ au 1B o1nie1oduio) ut 
зопелоји р әш INO 1uroq. ‘зиэшош e 107 ATUO $1591 YOIYM ‘quoq uoSo1pÁuy е Jo зец} WIM UONI 
stp 2121 рүпоц$ lojeonpe лоцовој, "Ung әш 9pISUI зовја Suppe) Á]]enunuoo $1 ец UODOESI 
тезропи wog эщ0э 1481] pue А8лэцэ 10е1рег sung PYP PIO eq pinoys идпд/ээитев 134023 L 

т: Хилпәе pdndsoures лоцовој, 


"ung ә шолу ooutjsip IYI AIPU! рүпол\ SISJSUIDUSS OST 
uot ‘злазэшойх чот  spenba 1ejeumuoo 1 Sursoddng “ede $зәзәшпиәэ 051 SAPNO OA IP 
зовја (yeg) A0119 лојеш5 эц) uet 13312] sour 601 29 IIIA (ung) зјоло 12816] о WY MO 
зшод "рея se ројадеј (ш сут) 1ereumueo % JO iojourerp е PIM 12410 oy} рие ung se рэ|э9е1 
(your суў ТО $1әзәшциәз z,pg JO lojoureip в PM ouo 'зајоло OA] MBIP О] IUN 194223} 
оф ysy ‘Wea eg pue ung stp jo 2215 ƏY o1eduioo pue ajensuowep Аеш JOoj?onpo лоцовој, 

т: Aanoe папі/әәшец IIAL 


"пе зе цәә$ әд 10U иво рив yep 
Ктадојашоо ѕәшооәд Á][eug 11 |hun “лазштеј pue l1ojurej pue 191002 pue 131005 9010539 48 $1 
pue 2215 $1 ш ешѕ 0$ әшооэд pue osdej[oo Apueppns [IM ung әш ‘dn pesn иээ4 sey ШӘЗОІрАЦ 
ou JO ysnous UIM PY yorpaid ләп}. Aou] '210ш s1eoÁ Jo suorjj:q Ачеш јој А81эиэ oonpoud 
ој эпипиоо pm pue элеэд поцф элу 1поде 10} К8ләцә Suronpoid useq sey ung әш 120) 
xung sroulouonsy 'snis[2) „00°000°1 зподе eq 0) pojeumso 51 әдиәо eu W aimesaduia} pue 
$11312 „0009 1noqe st omje1oduro) oogjins SUNS L ‘yoy Алол Ung оф ѕәҳеш попэвэл 510], 
-КЗлэцэ juerpel JO oseo[ol WPA 5шоје шпцәч Ош SWOJE пәЗолрАц JO UOISISAUOO '2'1 UOTIOEOI 
Jeanu e шор ѕәшоо Аблопо AJL ‘5181$ $19410 пе oxi “48 зшрпјош К8ләцә заетрел JO 
qunoure jseA ® JJO $218 3] "ung оф Jo Ароа шеш оф ропот теч 910105 pue э1эЧазошот 


60 


АЗлэцэ JURIPeI suwa ung (И 


чуди s,ung ay} ЈО 150 jo sonos әш SI yaya 91249501044 :se yons 52598 ЈО sioAe] solu] uui 
sey ung au], "52588 104 Азэл JO [eq asny е sr ar mq “ея әш) Al] Крод pijos е 101 st ung әш enbrun sassassod ung au (1 
yey pidnd/souren urejdxe мл лојеопра лоцовај, "peg әш wo (эти 000*000'€6) $12120 (sj)do2u02 лоши 


5918236115 Surqoea рәјѕә88п$ 


РРРРРРРРРРРР ор рой) 


B19] “TTE 18 225 од JOU иво jeue|d, eu) *peuex1ep Ајејојашоо әд иво је WOO! е UT “WOOI 
peuoxrep e ur uoos aq Аелеа иез дошеја, IYL "jeue]d e 19591421 Цеа 1eqqni е 1271 3480 
parsayar Аа sjoue]d 225 am Moy ә}ё8п$әлш o) папа/ээщен et djəy Аеш 1oyeonpa зоцовај, 

ÁjtAgoe папа/зошел) лоцовој, 


"Omn[d 10] зоо pue 
*oumdoaN 10} c ‘SNULIN 10} Ç *uinjeg 10} LI 15221 ЈЕ ‘1эиЧп[ јој QT 1sea[ Је ‘SIW 10} с “We 
10} DUO :ѕзәшоцодцѕе Aq рәјәлооѕір SUOOUI ср 1583] 18 әле oloQ PY ure|dxo 1э4иу Аеш 
лозеопрэ лоцовој, 'SUOOUI рэЦео әле $эиэ1е$ 95241, "шеф риполе эл]олэ1 тец 5221$ 1эЦеш$ 
имо пә) элец sjeue[d 30у `ХЕр s,jeue[d ош рэцео 51 stxe 51 uo uongjo1 э1214и10э ouo эдеш 
о} 32464 в 10} рәрәәи ошп оф jeu моих p[nous папа/ээиел, ‘зэи А əy) Jo sajod ynos pue 
wou оф q3norg suni Чо SIX? ue ројео “әш ATeuIsew ие punole э}е101 sjeur|d "ung оф 
риполе јалел Хоф Se ‘378101 10 ‘doz 2 оду 19$ sjoue]d оф теф Áe о] элец [II^ лојеопра 
доцовој 'теол 5 90а оф ројео 51 ung оф риполе ‘иопполэл 10 ил 21214109 эцо злеш 0) 
joue[d в 10} рэрээи our IYL “UNS оф риполе (1589 0} ISIM UIOIJ) UOT]29IID 9SIA»[2O[9-19]unOO 
е Ш олјолол JO элош sued ә ПУ “UNS оф риполе ‘пазто ue ројео ‘ей (јело) јеопацә 
ue ш јолед Sjeue[d "5181$ Јао оф JO 15ош pue ung оф uet Jews цопш эле Sjeue[q '51215 
lotpo JO ung оф ЈО 181] оф 129[jo1 Ady) esneooq әшцѕ $12814 Inq 3481 ЈЈО зл18 Хоф ә$пезәд 
UIUS 5101$ "51815 100 әле яэцеа "511$ pue sjoue[d иээлзэа ysınSunsıp Аеш Joyeonpe 194222Ј, 
"5181$ oq oxi uonisod рәху е ш Áejs oi 8шлеодде jo реә}$ш Ays oy} 1әло lopueA sjeue|d 
ƏSL "oig pue oumdoN 'snueif) ‘ueg ‘rodney ‘sre ‘peg ‘snua ‘AMNI - әле ung 
WOY әоиедѕ1р Зиеелоит JO loplO ш * sjoue[d amp ЈО saweu ayy "5908 pares затрод 2819] 
әши эле urojsÁs eos IP JO s1equiour [edrourid ou SMS ројјео эле затрод Аүиәлеәц ISAL 
*setpoq Аүиәлвәц jo dnoJ3 v jo dn эреш $1 yorym ureisÁs лејо5 шејахо л лојеопрг лоцовој, 


$91893е115$ SUYI L рэ15288 пе 


UOOU зле зе [э}е$ (1 


sjoue[d Jo aImeN 


sjouryd poj[eo 
эте UlojsÁS Ie[OS JO s1oquioj 
(s3do»uo» лопти 


ѕәтрод Амэлеэц 
jo dn зреш st urojsÁs 10105 au] 
(s)}daou09 1ofeJ4 


61 


"Ung aqp риполе $элеп и pearsur зпа ‘ung ay} рлемој 200 goeds ош 14812118 
зәциәи ѕјәлед youeyd ou зе ABM € Yons ur pue swn oures ay је 124814 yore 193e Кулел8 рие 
еплош yog “ued әш uo XiAEI8 jo ППА s,ung eui sı uontpuoo puooes ayy ләиејі зшлош 
ay) jo ош оф 51 чопгриоо 1514 “UNS эш риполе зшлјолој sjouve|d оф дал WY *eum 
ours әці W joue|d цово Зипоәре 'SUODIpuOo OAM әле aIL “UNS оф punoJe злјолај $12164 
oy Ay шеүйхә pm лојеопро 1э45еэ.1, "ulasÁs 110$ әш Ш 59215 [үе JO $4201 SurAourjsej JO 


SUOTITIG әу әле s10219JA| “WarsAs 1810$ ӘЦІ OJU! MO тер пә pue ung оф ung et 0} 25019 KIIA ung оф 
яэшоо оф Зина зе 911920 padeus-[vAo Buoy Зшлец 'urejsÁs 1e[os эц JO Se!poq әле $12409 риполе элюлэл sued (Al 
+шә}$А$ 1610$ 20 Jo 5109]90 pue 5190105 1noq* urejdxo обје ріпоцѕ Joyeonpa JeyseeL (5)34ээ402 лоши 


-элец Кот ѕиоош JO s1oquinu 3Y} ш 2191р 
Kou] (IA рие *ѕ1хе лә чо 92UO зудој 0} шеф saxum и oum ay ш 19gip feu] (A “uns em 
риполе олјолол ој шәщ SƏV 11 әшп ош 1ogip Kou] (at “әлец feu eieudsoune jo junoure 
pue puy әш ur зәр Aou] (11 “ѕѕәшлвәц рие ozs ш әјир Аэчт, (и ‘Ung IP шолу 92UVISIp 
лоф ur зәрір sued оф yey) puvisrepun 01 папа узашел et dəy [^ Јојеопра 1242991, 


62 


шәләр эле suon1odoud поце $үеоїшәцә sjoue]d 
олова owes IP urejuoo Пе Kay, (^ pue ‘ung әш WOI АЗлэиэ ләш шездо [е ÁL (^t eq Зиоше заэцалазуиа (11 
‘stxe лош uo 901 Це Keu (11 ‘Qsea 01 ]99A4 104$) чопозлр esi^o»o[o1ejunoo9 е Ш 9A[OA9I sjoue]d 
пе Kou] (и ‘ung ou Jo SMAPS әле Kou] (1: so1mesj UH ш эхНе ПЕ 328 $12114 au] ayy Зиоше зәпиеүиш$ (t 


) -mas в $1 yorym uns amp Aq HO U2AIS 3481 
ot 1921 Хоф әѕпеоәд uses oq иеэ 5]900]4 "jugi umo лоф 30 2418 100 ор SIaue[d "ако о о} 
paaga st 181] 94} 2518934 "1995 eq MOU ues „ued, om ‘ued, etp uo $20148 34814920} 
зо зцЗц useg ap Jo „148ип$, eu) UYM “UNS әш quasaider (1481 42101 10) 14814585 paysi 


saidojE1jg JUMAL рәјѕә88п$ 


PEPPERPPPETETRR??22722222222222*22*2*2311(1 


"ле $ ш 1nodeA лајем pue иэ8Ахо эп] Алэл әд 15пш ao OS “WEY uo теш ие 
iouunp yonu sp ле sy mq ‘элэчазоцие ue sey sew "(ue элі isnf suoseas sey pue suooul 
пеш o^ sey sIe ‘Aep $.Чие se әшеѕ ош 1поде SI Кер sit os ‘sinoy р Á19A9 ээцо SIX? 
SII UO зојејол зтеу{ “Ieah s peg ЈО Sug] ay} 291M7 ISOWJL SI IeaX $1 OS ‘зАер L89 Алэлэ зопо 
ung оф риполе зэл|олэл pue joue[d pews e st | “ye” әш 0) jeue[d 1525010 зхэи aug 511] "ung 
ay) wor Кеме $1912110]04 UOU ст 1поде SI 11 pue "мед loge jeue]d jxeu оф SI $12) 


‘aas рибу 
оф ut рипој st yeg UO зојем әң JO ISOU OS *19]?A JO ѕшой Зш2әәу pue SUITIOG оф и2э/\1э4 
Ayjensn st әоејіпѕ $1 jo олпјелодшој ay) злом jeue|d Ашо оф sı чае ‘чоош suo sey yeg 
-moy ue (ош 0001) $1әзәшоох 0091 зподе ЈО poods e је “лојепбо 51 ЈЕ $28101 Че IL 


"ѕлпоц pz Алэлэ әоио SIX? зи UO зајејол и pue $Аер p/T 69$ Алола зопо ung әш рипоје 
залјолол 31 '(5ојиш 006/) S1e19uro[ox 009'TI 1noqe jo 1ejeurerp в seu 1] "ung әш шо (ѕәрш 
мопјиш c6) siejeuro[ox чониш OCT зподе st и pue ѕпиәд Joye jeue[d yxou оф si yeg 


"ju81[uns цопш os 192721 spno[o эг sit asnedaq чоош pue ung at} 0) 1X9U 
Kys oi ш Ápoq 35108129 oy) SI зпиэд 'лајем JO әоед в pue поводи зизојод p'g ‘00 Wad 
$'96 Jo sisisuoo snuaA 30 o1ogdsoune aq], 'estiuns э10}э9 qsnf „18$ Зиталош, e se pue 19suns 
Jaye isnf ле] „8шиола, UB SB UOZLIOQ оф Jeou 92$ од ULI pue yeg Se 314 se 1noqe 51 3j "ung 
әш шол) s19joulo[D[ ош LOT зподе st и pue ung ou 0) 3aue[d 1seso[o 3X9U ош 51 SnU9A 


"тотем 10 ие OU зец ÁinoloJA ‘иоош $ peg ISMANI "joue]d 
v Кувол st и Цапо поло ‘181$ „Зшшош, JO „Зшиәлә, UL рә э ѕәшпәшоѕ SI 1] "9SHUns 
210Joq isnf 10 yasuns Jaye Арлоц5 UOZTIOY оф Iesu пәә$ oq ULI је joue[d 3522$ оф SI 1] 
"ung ot шолу Аел ѕгәзәшоү UOU 8с 1noqe 51 11 pue ung оф 15э1еэи зәиеүа оф $1 Á1noJ9JA 
"ung оф punoie SurA[oA21 doex те sjeue|d ә Пе зашозар oi элец [II^ 1ojeonpe лоцовој, 


$918э3е35 Surqoeo L рэ}5э551$- 


теэнэца$ 
51 лез Jo adeys јео (їл 


yey злеэдае 
quea ou Jo edeus зизледд у (л 
(5)14 92002 лоб] 


63 


52528 JO spury aures oy) Jo э1эчазоцие ие pue 
loKe| Kor ue Aq pepunoims “2100 pr[os в ЈО dn әреш эле yoq Áy, '2215 әшеѕ ou зподе ae 
од Kou] ‘sued ша) әшойәм pue SNULIN [ез 515109195 "suooul 3314) sey 1] "ung оф 
шол} Келле 5лојашојом ЧОН 006у зподе si 1 рие 5п0е1 зәре 1oue]d хоп P 51 оџтадом 


‘apis т uo Suruuids doi 
v 3NI *srxe [210021104 ззоше Ue UO 5970101 $001] -Kem лејпдол oq Suruurds si је do) e әх 
сухе [BOBIOA IsOW]e ие UO 31801 sjouv]d rato ay Пе U9QAA 'Sese2 JO элэчазоице xor в pue 
loKe| Kor ue Аа popunolins 9109 ров B JAVY 0] $шәә$ snuel() ‘әп ли] 'suooui с sey 1 
"ung оф шолу ѕзәјәшоүу uoi 0067 1109 $131 pue wimes Joye 124819 хәй IP $1 SNULIN 


"п риполе spoods упелојјтр 18 AJOA yey} $8ци peo1q ueAes Aq pepunoluns 
Sp И '5лпоц QI зподе Ш SIXe имо 51 UO sao 1] 's1eaÁ 9160 11098 Ш ung I риполе 
oouo залјолол 1] 'sIojeuro[D[ 000“0СІ 10098 Jo lojourep e sey I 'SUOOUI LT 1589] Је Sey 1] 
"ung оф шолу s1ojoulo[pj чотиш OEPT зподе 5111 pue лапдпј Jaye jouv]d 1xeu ou sr ues ~ 


“IaM JO 9273) е Á[UO им WNA зиээлэа от рие uasoipAy 3429224 06 Ареэи Jo e1oudsoune 
ue YIM 528 jo 1189 10818 Е SI iondn[ зе xung 15009105 '5000ш 91 15891 je sey лапдпј “sop 
ед uey o1our иәлә лојепђо sit je эзтаа pue se[od si: је uanep зәпапү soxeur чопејој prides 
щщ, 'лојепба од је 018301 jo poods s,queg шеф 19158} soul СС 11098 10 *1oyenbo sit је NOY 
ue si1ojouio[pi 000'0t 1noqe st 160) “SLJ Алэл 51 uongo jo poeds si `Хер 3104$ Клол € sey JI OS 
‘smoy ОТ Moqe Ш 92UO SIX? SI! UO 5970101 1] "s1eoÁ 71 1noqe ur 2900 ung etg риполе залјолој 
jp As эщ ш Qəuejd e вәл SI 1 93104) „12S, 9816] Алэл в St зтезаде лопдиј "peg jo 
yey] soum YUA јподе ‘5121910109 000°бЕТ зподе Jo 1ejeUrerp в YM *joue[d 1se31e| әц 51 31 
"ung эф шо злајашојом UOI[[IUI 9// 11098 SI I рие “втеу Joye 12119 jxeu A} SI Joudne 


5918932119 SUIL рэ}5э881$ 


РРРРРРРРРР 


“rayoud пецива Jo 1e WIM Yea au Jo edeus amp этедшоэ 
01 ѕәәшед әш Чәч pm Јојеопро лоцока) IP MON “UONN[OAeL әәјішоә suo $urno[duioo 


әуе иной Zunes оф ЈЕ ѕәцовәл 1e2-Á0) WY 225 [Ал ABUL "Joyond punoi uotpiea ие uo 
әовулпѕ ә uo 1e2-Ko) e Зшлош Aq ішәшиәйхә ода) uee e woad л ѕәәшед loQ2e2], 


"inea э Jo Y чим punoss ќе əy Jo adeys оф o1eduroo 
Kem әшеѕ эф ur pue әјоцм ap Чил ued әш jo 2245 pue odeus әш зледшоо pue „uopo 
дајем, в јо wed pews e Зшрпо Aq juoumiedxe ue unojred 1əyuny Кеш ээшец 1әцәвә], 


4 - puno13 Кеа ооцоѕ 10 рипола [eq100J WIM 
шоо әш jo adeys eu pue yes эф Jo зе} WIM [19200] eu Jo edeus әш зледшоз 0} sjuoprus 
ap doy pm 1euoeo: 1oqunj 189200] эф ЈО PP чил\ шоо eu ЈО adeys әш o1eduroo Тр 
Kou] 'IIeq100] е uo шоо asied cz в ind jpm $п@апа/ зошелј, : АПАЦОЕ папа/ѕәәшел ләцәвә, 


"uonisod лоф pue зоџелеодде лоф Jo eur оф 2100 0} Wat} әј, 'S399^ Е JO} Кер yora sjeue]d 
ay) әл2ә590 0) папа/зошел ay) xsy OWN jeu ЈЕ $1615 [еэ1 ӘЦ ПЕП 12148109 зле Аэц} озпеоод 
рэциир! Ajisea әд иго sjoue]d asayy, 'jesuns је "10204 ay) элоде isnf әле Хоф) UIM $115 
Зшиэлэ pue әѕілипѕ ЈЕ и071104 оф олоде isnf әле Ady] пәцл\ $1815 8шилош рэпе әле loydnf 
pue snuaA se yons 'sjoue[q 'sjouv|d Апеэл эле 5леј5 8шпәлә 10 SUIUIOW oy] "511815 8шшәлә 
pue 8шилош әллә$до 0} лојеопро лоцоеа оф Aq padjay oq Аеш [Idnd/seuren 1әцокә], 
Кулнов папа/ээителз лоцовој, 


поош auo seq 
1] `51еәА gpc Moe ur ung оф риполе әоио зэл]олэл 31 "ung оф шод Келе SIel9ulO[D| чош 
006$ зподе st 1] "UlejsÁS 1e[OS ay} ur jəuejd рэзэлоэзтр Апиэээл јѕош pue ise әш SI Оа 


$918э3е435 JULI L pajss38ng 


65 


"sixe SIT se зов тер afod 121130 е sey И pue ‘риполе рие риполе suim jp punol 
-08-Апәш oq 51 sixe 51 uo 501101 yea ou jo Авореие iua][ooxa Jomouy `ѕә10101 10 uids 
чишә эф sjuasaidar yorym ‘asueso әш әңеш pue Apysys э1рээи ei ML “yes әш sjuoso1do1 
зеці ә8иело ue axe] 'sejod qnos pue ou s, pea ot u8nong Suruuni “әш Атеш8еш JO 'SIXE 
ap siuosa1doi э|рээи SUIIUY IL зишјодел8 e цзполр әүрәәц Sumrux е ysnd o) [rdnd/seuren 
ap ionnsu[ ‘хе 51 UO $301 que» эф moy әједѕиошәр Ш 2ојеопрә 1эЧ5еэ.1, 
т: Apanoe pdnd/oaure1 ләцәвә, 


волу оду Ur jos PUR 1562 IP Ш ƏSH 0} $ШӘӘЅ UNS ƏL *oloJolou] “ISAM О} 1569 WO 

AYS oup 55020 элош 01 $298 uns IP (1$®ә 01 199A шод) UONIENP ost^oe»xoo[plelunoo E Ш 

SIX? SII UO вотедол 10 SUIT] yue əy} esne2eg "199^ ә UI 125 pue 1562 әш) Ш ƏSH 0} SWS UNS 

am Aym штејахо ppm lojeonpe 1эЧоеэ1, PWN qyStu jo poured ouo рие oum Кер јо poured suo ISOM ƏY Ul 195 pue 1S9 
рец элец [LA quea әц JO wed ouo ‘sixe 51 UO 99UO зоо ques ot se ‘51104 УС Коло WY әш Ш ƏSH 0] $шәә$ ung au] (ttt 
Aes зѕпш Jojonpo лоцовој, "oum 14810 sey JO ззэиутер ш $} UNS әр woy Аеме рәшу SI yey 


66 


yey эф opua eum Лер 10 S431 Кер sey ung ap premo} poum si ец) ДЕЧ L *ssauyiep ш ung оф 

si ДЕЧ 19410 әш ung оф Aq разчац st деч suo usq "euin 200 је разч8и oq иез дец ouo Ашо - woy 3481 51 $18 ye (И : 
пед e ayy pedeus st ung оф оспеоод "ung әң WOY IST] 11 $128 чигә әш зеш pueisrepun 15191 

йпйуәәшел], “sinoy pz st Аер $.Чеэ 94], хер s quea ош рэпе SI SIX S) UO win e1oduroo yue? uo 

ouo эдеш oj лез оф јој рэрээи aum 241, "joue[d pjeuozuou оф 01 „999 JO зи [eoniaA 148! pue Лер sasneo ung L (1 
әц 101 (OEEZ) о 167, 18 рәшүәш SI queo AL "(522 01 ISAM шолу) чопэзир 9SIAXX9O[9 ојшпоо (5ууазопоз IOUT, 


е ш sIxe ѕу UO атол 1] '52104 поз pue YOU spea әш цЗподр suni цол SIXE ие рә[ёз 
‘guy Атеш8еш uv рипозе suids quee eu] "ung оф punore ѕјәлед и Se ‘5918101 Jo “doy v oxi yueg oq uo ung әш Jo $129] 
suids queg aul “Чигә uo jugru pue Лер ѕәѕпео ung әш moy urejdxo ИА 2ојеопрә лоцовај, (s))do2uoo 1ofe]it 


5918932119 SUPLI L рәззә89п$ 


771711111111111 ооо 911) 


оф AYA, aeus $400] 11 * os IP ш 484 jJ esit Aq stat uym -uosedwos Aq 125514 5400] 


и *uozuom әц uo 5109190 12410 10 surp[mq jsure8e 129$ sı ung ay) џоца sı uoneue[dxo IYL 
“Sumas Jo Bursts ysnf st 11 пәцл\ 198814 5400] ung әш Aya Аудејо рүпоц$ Joyeonpa 19uoeo], 


qysiu pue Кер $95182 uns: [214 


qued 


"за ЭЦ] 910}24 1481 IP элтэоэт 
I^ 1529 эф *ospy ‘ите8е Лер o) xoeq pue ju8iu оз Аер WO 08 |I eal] noÁ aym Yea 
әш Jo med эчт, '(ostwopo[o1oiunoo) 1582 01 ISAM WO Á[MOIS 24018 о a01 Jo ulds мом 
(E814) (oum эчт) ssouxiep ш oq Шм 24018 am дец pue (oum Лер) payt э4 ша 29918 
eu Jey WY M0 1шод "uonirsod лодола ay) ш sr у этип yuoz pue xoeq рэлош aq p[nous 29018 
ay pue э4018 әш Jo o[pprur ou se 348124 oures оф зе. од ріпоцѕ dure оф so ата әш “P 
Sunugi[ uoAo IYL элец OL "1 uo зада 3unugi[ UsAe Suunsuo 29018 oy) uo dueg ә ours pue 
шоол әцу може "ung eu siueso1doi qo1oj1usipusep/1019sfo1d epi[s/sdure| e[qg1 € 197 "UI ЭА 
noÁ 29018 ay} uo злоцм Аповхэ Ino ву "ея youesd әш зиэ$эз4эл іл pue $27101 3243 29018 
v шеао “YSU pue Аер ѕәѕпео ung әш Moy папа/ээцтен et ој moys Аеш лозеопрэ 1әцовәј, 
C: Кплцов папа/зошелј ләцәвәј, 


5918932135 SUMIL рәјѕәЗ8п$ 


“BUISII SI 11 UIYM YsIppol 
JO э8иезо 5300] ung au] (At 


67 


1esuns pue ssuiuns 
12 254210 10 par sreadde uns әш AYA "c "rq 


jasung 
16 asaydsoune ysnosy) 
paren ses sung 2oueisi(] 


uoou је a1oudsourne ч8пол 
[әле sKe1 sung eouv)jsiq x 


uoou j£ ung 


"usippo1 10 ә8иело әд 0] теэдае ung eu Зшуеш poroneos әле sÁLeI опја 

оф inq 'eseo Jaye ш o1ogdsoune oq ugnonp [әле 2081005 IP a sÁgı pol sik piapa 

чеш пәцл\ олоцдзоцце әш I 
sl ung эф uym шеф uozuou әш UO MO] SI UNS P о a 
om Шш QoURISIP 1910918 v үәлед 1$пш SÁLI 5,015 94, (© `81д) Jesuns А 

3 urei8eIp е мелр ој шәф J 
әш pue ung pue uoou те ve etj pue ung әш Jo 1 Pid soi 

У ne ou АЦА долоочр Аеш пЧпа/ээшен 1эЧоеэ.1, 

доцовој, ‘Jesuns pue asiiuns ye pal $1 ип5 IP y ST ЫШ ae E 


68 


"зицм sxoo[ ung ә os “ле jo 9000]51р 
1911048 smp ugnomg 128 ueo 1481 JO sKei оф Пе “А5 eu ur чаш s; ung mda зара: 
10 Q8ULIO 5300] ung оф Os ^j ш enjq $591 sey mou зцЗципѕ о “алојолоцј, ^9 n B 
ap soxeur eym st 5ојоплед snp әш Ка 14811 гпја әң) Jo icd pue pius а Ч 2 к> A 
ш so[on1ed isnp оф Aq pe1envos pue разоорол Kpuenbosuoo ‘ие јо әоцезїр 19] се ало 
10u ued 143ципѕ ш $Ает опја YL 3981 әпја Jo shez uei Апзеэ әлош цопш злоц — ез 
оф jo wed rayon оф ч8полр зора ueo 1481] pel Jo sÁe1 2508999 suoddey ig нй "n " 
ure|dxo jsnur лозеопрэ 194981 IL {8112$ 1o Зы st 11 USA USIppal 10 эЗиело 5300] ung 


5918936115 8шцәвә р, рәјѕә8815 


рроррррорр ре ро ро ооо яой) 


в 19A02 MOU SABI pajuejs ‘Jayvam IYL `әләцїзтшәц uiatniou amp uodn зие[$ e је Sururqs эле 


skei s,ung au HINUM at} UJ 'zz Jequisoo(q uo $и15э4 I9JUIAA "лоша sey злацазтшоц шлофлоџ 
am ‘ung оф шоц Aeme рәр) $1 элэчазииэц иләциои оф чэцл “SINOY pc Пе 3481 Аер sey 
gjod rou эф “әләцйзтшәц шлофло әш ur Jourums $1 11 UJM аш оф uey 29800] әле sÁep 
os *1ourums о ш ssoux1ep че 1081 Аер элош $128 ospe элэцазииэц шефлоџ оф ‘sIxe S лез 
am jo 30 оф Jo asnesag “JOY anb $20994 әоејіпѕ ot pue *әоејіпѕ s yea оф Jo запоше 
ләш e 19409 SABI зоэпр ‘JosuoNs AL ‘элэчазииэц шәцілои оф uodn Арзелр Sululys әле 
sei s,ung оф зәшшп оф UJ “TZ эип[ uo suiseq лошшпо -Joulums sey элэчазииэц шофлоџ 
оф ‘ung оф pmo, popn sr элэчазииэц uisuiou ou) UIM "I€2Á ош JO suosess ]0ӘЈӘЈЈІр 
sey yeo эф ‘ung оф риполе UOnn[oAol sys әш JO əsneəəq pue jn snp jo esneosg 
‘таз qou эф 'sue[od зрлемој рәушой skemye sit pue $9э18эр ис ЈО s[sue ue је рәрц 
SI SIX? S,ip1e2 oy], "еә uo 500595 оф $95185 ung IL (п) ‘skep $/1 696 51 тезА s,qaea IL 
"eak 5 ea оф рэЦео sı ung оф punore *uonn[oA9J 10 WN ejo|duroo euo әҳеш 0} nea ә! 
JO рэрээи ошп ay) ieu ure[dxo [[IM лојеопро лоцовај, "Quee uo лезА оф sosneo ung eu] (1) 
:se Yons Yea uo ung JO $12949 19410 JO этеме yidndyaauren əy} doa» Аеш тозеопрэ Jeyove L 


"Ауеоплол 

до jue[s в је Ápoq am 25 зАел ay) лофоцма uodn Зитриэдэр зф8иој зиолајир әш 2100 

ој шә ysy 'uoou Joye ae] pue uoou ‘SUTUIOUI оф ш SMopeus 252 эледшоэ pue aJjnseaur 

ој wap yse Аеш лојеопро лоцовој, ‘рэшао} smopeys оф оллозао pue ung ay} 01 syorq ләш 
i^ розе зпапа оф элен `ѕморецѕ олефшоо pue oinseeur oj poxse эа Кеш папа/ээителт, 

p: Apap папа/ээителз лоцовој, 


$218 э1е135 Surqoea], po1ss22ng 


тез uo 
suoseas pue IeaÁ зобпео ung (A 
(s)do2uoo лошудү 


69 


“sisapucsoioyd Aq siuejd aq ш paJois sem pue ung эф шоц эшеэ Ayjeutsuo aeu 
АЗлэца oures оф - 1451] pue 129 ЈО шој әй Ul АЗ1эцэ до э^18 Keg рәшпд эле sjeny [елеп 
цэцА "poo^ рие [£02 “о “58 se Yons spony гелем Ш po1ois si АЗләшә s,ung ƏQL "5521231 pU? 
Uazoj aq p[no^ Yes 29 *usruns jo Аблоџо eu MOM 129) зәдшәшәз snu [idnd/oourem 
доцовој “MOIS sn $әңеш pue К8ләцә sn 52418 yea ом роо} PUL 'sue]d pue ѕјештие од 
yea sSureq uewny pue sined јез S[eUumue әѕпеоәд зивзлодци st 5159104501044 *sisatpuÁsoioud 
pei» ssoooid в Аа роо) əzısapuás зи эчт 'pooj azisapucs o) swejd и2э18 20] 


21415504 11 sexeur ung eu jo зцЗципѕ au 3481 11 ѕәліЗ pue yee әці syeay ÁZIU PEWS SIL yee ap 10} 
"meo ә o) ]элеп А81эиэ s,ung IP JO ured preus Алэл е AJUQ `$иопоәлр Пе Ul А8лэиэ заетрел K81ouo JO 221nos в 51 ung (1А 
jno spuas ung au] `А8ләцә ЈО 921105 E вәшодәд ung moy штејахе pjnous Jowonpe 19489, (5ууа по лоши 


"єс raquiaidag зш82а [Ie] ‘IT PRN s8uroq 8114$ o1oudsrureg шәциопц әш Ш "Suo[ 
se 1snf эле түти pue sÁep оф ‘awn әшеѕ oq ту “UsamIeq әләцмәшоѕ Jompes Mq *so1oudsrurau 
под ur yum JO loumuns 300 SI И эцЗципѕ jo sÁe1 30015 59/1591 әләціѕішәц IIPAN 


70 


"ung ot) Woy ќеме од JOU premo, зации рәп st qo eu "Пеј pue Sunds oy) uy -1oumuns 
sey әзәціѕтшәц u1eujnos оф pue UNS ә} pieMo} рәр) 51 әләціѕішәц ulaunos IP *a1oudsrureu 
uloqiou ot ш Iau SI JI ЧЭЧАА "лоши sey эзэчазциеч шәцпоѕ ay} рие ung әш woy Кеме 
рэпи st әләціѕішәц uIəymos ә ‘элэцазииэц шәциои ош ш зәшшпз st 1 UM “SINOY УС 
пе ssouysep оф st 2104 you ә «әләцйїшәц uioqou IY} ш IJUMA SI 11 UYM "лоши OU) ш 
хорјоз цопш eurooeq злоцазишоц шзәциоп әш sdjay ose yarym “ош. ләмоц$ ® 10} shel s,ung 
oq $98 әләціѕішәц илэфлой оф 100) UVI $481 128071 "sÁep эф че 1o8uo| эле SIYSIU ou 
os чаши ou ш зЧ8иАер шец ззэиулер әлош S198 олоцастшоц uyou eu SIX? $,цивә ƏY} JO 
jm әш jo esneoeg ‘опш se рәтеәц 100 S! ooepms oy) pue 'eogpms $.Чыеэ әш ЈО yunowe oS1e| 


59183235 SUVI L pajsessng 


PPPPEPPPPPPTET?T?292222222?222?2222221232121'* 


"ралооло эле $Цы 


ошоб ‘dep чмошхип до pue əpim зәјәшо [ зподе эле Áou] "1: раџео ‘$42815 Аиеш чим 
рәзәлоо osje 51 ooejins s,uoour eu "4814 (J OOO'SZ) $121эщ OOSL uet әлош әле зираипош 
оф JO әшо$ 'uoour әці uo $э8щел шејшпош Апеш эле IYL '5лојело pue sulejunour possel 
‘surejd тпоош$ jo dn әреш 51 uoow ош jo svezns p 124} моих 1503 Папа/ээцтелт, 511512) 
0197 MO[9Q ,OL SE мој Se eq Аеш у уди је pue $11520 SPOT SB цЗіц se за Аеш y Аер әп 
Suunp se yons Апеэ18 saliva UOOU ош JO svens о uo aimesoduia) ay, “Jayeam 10 зрпојо 
OU pue sueaoo JO SIJAN ‘saye] OU 'лподел зајем JO ‘ILM OU sey UOOUI AJ, "UOOUI əy, UO 
злеэЧ од иво spunos OU OS ‘JAVI JOU ULI рипоз pue PUIM OU SI э5э4} ле MOM "e1oudsoune 
ou sey поош оф зе ure[dxo Шм Jojeonpo лоцовој, `(Y pec) S1919U! ZL duinf jm “еә uo (у 
6€) s1ejour ст шп иво oym 1edumf реоза е *Sursoddng еә оф Jo PY JO ха euo зподе 
st Аилел8 Jo [Ind s,uooJA “ea оф se yonu se 120481э suo зподе sysiam иоош au], "во 
ou Jo лајашттр I JO тој IUO зподе st э21$ SNIJ `2әјәше1р ш S1ojeuro[pi OOSE 11098 $1 31 “Wee, 
оф риполе ѕәлүоләт jet үеіләјеш Хоол JO Цеа 281e] Алэл е $ uoour eq “Yee оф риполе 
золјолол је иоош '2'1 ANES JO o1njeu оф JO Surpuvisepun это} Аеш Jojeonpa зецовај, 


"рез әш MOYSnoIY) лэшезлм ш зэзиецо pue ѕршу зиэле тр 
ot 10} 21915404591 st ung оф SNYL "511990 цопеИ@!оэлА sesseur ие рјоо Зицәәш $95521 ше 
шлем оф USA -тпо4ел зәјем ројјео 528 е OU! ILI UO лојем ә JO әшо$ $ззәлиоэ ung э JO 
зван “Ie јо $ә$$еш 12218 Jo sjuouroAOur ѕэѕпео Зипеэч [enboun $141, "A[enbo qa ey Jo wed 
K19A9 eot] 10и ѕәор ung au], "лавом ot Sasned ung оф моц ure[dxo үм Jo1eonpo JeyoRaL 


$918э3811$ ZUMAL pa1sa33ng 


uoour 
eq uo ѕшејипош эле 2194] (и! 


ЗОРА 
uoout ay) uo олтелодшој ayy (и 


$48950 JO 


JOALI 'лојем ‘ие OU SEY UOOJA (1 
(5)1492002 лоши 


оош ot JO әлем 
(58 о2поз 10fe 


лошем ou sosneo ung (ПА 


71 


"aM 54001 uoour оф sni pue ‘ле jo aoutisrp 191105 5101 Ч8полф 128 џез 3481 JO sÁe1 
ap [Ie ‘Ays ou ш цз st uoow әш usya "eiu 5100] ЧООШ Aya роз aq snw pidndyaauresy 
1481) опја Jo $Аел uey) Аіѕеә әлош yonu o1oudsoung s pie ay) Jo ued iexonp AP yno} 
ssed ueo 3481] pas Jo sÁe1 asneoaq suaddey “ung оф WIM se «3112$ Jo SUISII SI 11 пәцл\ 350220 
10 AOJ[9Á 54001 uoour jo uouswousyd ayy, səm әң} Ul 19$ рие “Куз oq ssolo? IAOW “ISLI 
aU] ur 250 oj ѕшәәѕ uooul IP "(isto Ol 159 шош) попоэир э$1^\420]2-121102 в UI 5910101 
yes oy esneoeg “aw auo W әшп ци Jo syoo^ Олу Inoge Аа рәмоцој эщ uo Te 1481 
Кер JO ѕҳәәм OM уподе sey чоош оф "sni ОШ 91 se Suoj se isnf st Аер 5,000ш oy} WY 
suvaur әшц WONRIOI s,uoour eq], “Yee ә рипоте 2200 DATOADI о} SJOP 11 SE SIX? 51 UO 318101 
оз Suoj se isnf uoour ay) saxum I "Qsea 01 159^ WO) попоэир озилоојолаштоо в UI SIXP SII 
uo зоо uooul ap wy, mouy 1503 [ránd/se9ure1] "Кер цовә 1218] samuru 06 MOGE 5951 31 
"шош 1eun| auo 20у oui IP se зАер V167 SOAP 1] "рош ARUN] eui paeo s! ues əy, punoje 
ээцо DATOASI о} чоош et јој рәрәәи әшп L "sigjouo[pp 0066 зподе jo рээ@$ e је yea 
ap риполе saajoAer чоош au "(es oq рипоте mq “гә ay] зрлемој Jou 22245 out 34812115 
зэции $үәлед иоош әц jet ABM e qons ш pu? owes ou 1e поош au ale Ацле18 рие вплош 
шоя ‘awn ours оф je UOOU әш Zunoaye эле uoour jo ®ПЈӘШ pue uoow әш UO Кллел8 
jo [Ind spea se yons suontpuoo oA osntosq Чигә оф punoie 8шлјолал sdoex uooul 941, 
"eo шол) (ѕәрш 000070) SIWO 000°ў8°є 1noqe 51 uoour eu], "ung au риполе SƏAJOAAI 
yea әцу se џопоолр әшеѕ оф 51 Чол "(вез оу isəm WOI) чопоэир SIMAO 121103 


v Ur Ted оф риполе салјолал JO ѕәлош UOOUI әш 180 ѕәәшед oat ә1 15803 зојеопра/лоцовај, 
'esdi[o ue exi| pedeus st jeu) “ЧО 10 wed e ш рез әш риполе $әлед чоош 241, 
-quea оф риполе поош əy} jo чопош зподе ә8рәүмоих ч8поцэ U2AIS aq 1$пш [idnd/ooure1], 


5918232115 JUAL pojso33ng 


әпцм 54001 U00JA 
"Suns 

pue Surs st и uym 280810 
әлә 10 МОЭК 5400] 400 
"вам ƏY UI 195 pue 1522 

эч) ш 251 О] suras UOOW 
“SIXE SI UO 5918101 UOOJA 
$цоптриоэ Om} 

јо asnesaq yea ay риполе 
Зшілтоләл sdaox чоор 

11910 е ш лез 

eu риполе $]элел UOOJA 


(1л 


(ш 


(s)}da2u09 лоши 


yea 
aqp рипозе uoow etp JO UONOW 


- (s)}daou09 1ofe]A 


72 


*uoouiage aer pue 8шилош Ареэ ш 1dooxo ‘48 Аер оф ur usos aq 100 UE» иоош ә jo 
apis разуви ou WY urejdxo p[nous лојеопра 1ogoea] 'sseuxrep ш SI UNS әш шо Aeme рәшту 
si теш opis оф mq ‘payg Апчёыа skemye st uns әш $228} jetp ООШ әш jo apis ou, "ung 
oq Jo ISI] әш) sioo[ja1 31 asnesaq $94145 11 Mq ЗИ 0 2413 JOU ѕәор чоош оф W SUIAOU 
oq 1snur папа/ээителт, `иоош jo saseyd әш әр ш ure[dxo ој элец [IM лојеопра 1эЧеэ1, 


"заеам рие punos jo ээцэзае од озит 5111591 *19]tA рие элэчазоице jo yor] 51 pue 
gimesoduray sit ‘Але JO [[nd s,uoour - so1nje3j уцәшшозла о ssnosip Аеш 1ojeonpo 1эЧеэ1, 
"uoour aq; Jo деш e Sunjnsuoo Aq wey) Аупиэр! о] Woy} фәц pue surejunoui pue sure[d 's1o]e1o 
iueodum әлош oup ршу ој Án шо 19 'SSe[3 8шАдиЗеш үуләмой 10 edooso[o в usSnoutp 
uoow оф эллэзао [Idnd/aeurem oy) элец “түп s uoour оф uym "UOOUI әш JO SODSH9IOEIEUS 
о olo|dxo pue цоош оф jo əmeu оф оллоздо 0} pexse 24 Кеш папа/ээителт, 

т: Аллцов папа/зошелј лоцовој, 


“uea әш Woy Келе теў OS SI 11 asnedaq “еә әш JO 1әзәшетр YLINOJ 9uo SI I! usnou 
пада ‘sn о} pews OS ѕшәәѕ uoour оф Wy ure]dxq "јео оф шоу поош оф jo 2200151р ә! 
ayeorpur pim (Чош Qpz 10) $1әуәшциәэ раб eu) UAP ‘әш 0001 sjenba Чош ү 10) 5лајошонх 
OOOI stenbe зәјәшциәо ТД “Wea эф шошу әошезтр ѕ pue uoou oq Jo 2215 әш јо vapl 
oAne[o1 V oAIS TIA 51) IEY MO juod ut 1о1ёопрә IIAL ийе цош бр злајаштиоо HEE 


зэцио 1day oq ULI 59 OMI esa], 'лазашетр ur (цәш [) з1э1эщиэо YZ 19410 әш рие 1тәәшер. 


ur (qour p) s1ojournuoo ОТ euo ‘Аво Jo 5189 OM) эдеш oj пдпаузошел ә ysy “Vea pue 
uooul оф jo VoURISIP pue 9215 ә} оледшоз оз [rdnd/seuremn eui djou [IM лојеопрг јоцовој, 
I: Ayanoe папӣ/әәшел/ләцәвә р, 


Ѕә18ә38:235 Surqoeo L рәјѕә38п$ 


џоош 20 Jo saseud 


(s)}daou09 soley 


73 


"шеде поош Mau в SI 11 ШИП 
(aeus ymo) SurueA uet рие џоош [ту € $90524 и [hun (1931e| 8шл\о18) Эшхем UOOW 
ap pm ‘uefe 111$ uei чоош əy) Jo saseud oY] "uoour маи e Se uonisod [eur8Li0 $и UI Мова 
SI pue yea ety punoJe џоппјолол euo paisjduroo sey uoour aui *1ourenb 158] at) Joye 3224 әцо 
поду 'uoou је 5125 pue 1ц8тиргш је 5251 поош zey 10 saurenb ise] ou, "Uooui ДЕЦ 10 Toyenbd 
1581 eu) рэпе $1 aseyd sių, “yea uo uses aq ULI ƏP!S paySy s,uoour әш jo Jey euo Ао 
*uooul [[nj әш Jaye x224 ouo inoqy 'asHuns je 51295 рие 195015 18 с̧әѕіл UOOW ту 241, "unies 


agp риполе uonnjoAel 2114102 euo jo zey эцо эреш sey иоош 9m pue ‘ung at) pue иоош 


ЭФ шәәмјәд 51 yea о ‘цоош Пар је WY штејфхо 1oqunj pjnous зотеопрэ лоцовај, “ООШ 
ТЕ} ou) рәцео $1 oseud $141, “Чигә uo uses од ue» поош ә JO epis paySy oun jo Це *uoour 
мәш oq lae sxoo^ ола jnoqe UYL "JUSIupiur зе 5195 put uoou je səs ПООШ ДЕЦ Jo 1912210 


ТЕШ} yL ‘чоош jpeg 10 Joyrenb 151} эф paleo $ oseud siy, `Чиеә ЏО иээ$ од иво UOOUI 
ap JO apis рэзч8И otn JO ец euo ‘оош Mau оф оце 490% auo 1noqy 'uoou Лец moqe mouy 
озте pinoys [rdnd/ooure1] 19suns 18 5195 рие 2517015 18 5951 uoou MoU oup “UOOU Mou о 


pojje st oseud stu] "Пе 3e uoour 3y} 995 JOUULI эм PUL чигә оф рлемој рашти $1 иоош əy JO 
opis x1ep оф ‘ung оф pue умео од Usamieq SI UOOUI ey иэци тец) и1еэ] 151 пдпа/ззитејј, 
"urge x1ep Á[eje]duroo оз xpeq uou pue «yuq Á[ejejduroo oi yep Кјәләјішоо шоу 8108 
‘saseyd зи Це ysnomp sessed uoow әш ‘skep 67 Ul quee oy} риполе uonnjoAel sjo[duroo 
ouo soxeur UOOU оф чәцл\ фиош Iun; јарчејео әш Suunq `иоош amp jo saseyd eu рэпе 
эле oos эм WY oovgins paySy jo nowe st} Ш soSueuo эзэцт, 'аовјлп5 palugi[ s,uoour әш 
jo siunoure juo19jjip 225 әл ‘YLI әү риполе 11910 SI! Ш сјәлед поош оф sy 'suonoeip Пе ш 
iugruns оф $12295 oleudsoune 5 рез оф 2512234 рие 148104 Алэл 51 1481 $105 әш 9512524 


5918332115 JUIL рэ35э581$ 


74 


џоош 
пту pue чоош маи ae 
џоош jo saseyd әшо$ 

(s)do»uo» soupy 


чоош aq JO Saseyg “S1y 


uoour 


мом 
џоош j[eu Jo € Ф чоош ец о 
зоџепб 1514 Km ДУ, Joyenb 1507 


чоош пч "Uoour 


eu jo saseyd ош Пе JO э12Аэ ojeduroo penunuoo е 225 0} әде әд PM spidnd/saeuren 1340 
ap peau s,pidnd/s,oourem оф риполе ѕәлош [feq о uya "ung әш qing әш pue "ies әш 
peou s,[idnd/s,sauren оф *uoour ayy 11252141 им [е9 әш ‘э1эН C314) peeu Joy/siy риполе 
uonoelp osrtwpoo[p 1ejunoo е ш Á[MO[S peq әш элош йпйуәәшел ә әлец ‘wars su Áq 
еа әш 8шроц мом ‘1001 oy) uexieq ‘(рэеэих) пёпауәәшел оф Jo 11033 Ш Кроглр puris 
10 115 s[idnd/saouren 1эщо моу “QING о Чим әлә] 51 peau sjidnd/s,aauren au зе 05 ата 
разуди әш Jo OY ut [oux о} папа/ээщел ouo зоплзи] ‘dwe әш uo има pue (apeys зпоцилм) 
аше| әде) ® 129 "ша в элец о} peq ein озш [reu уоп 500] e 319591 "ng здела 10 oSuelo 
ue Jo 2215 эф зподе [ед payyms uonoo Aue jo [ред ureojo1&is е шезао "uoour etn JO saseyd 
әлейшоо pue эл1эзао оз папа/эзэшен ay) Sunvirej ш 2101 1218 е sey Jojeonpe Jeuogal, 
C: АЛАЧОВ/ПАп9/ээител3 лоцовој, 


"Аз IP 01 paioo[]al SI pue ед әш sextus 148 ИЧ$Е/Ч2101 IP Woy 1481 
aq әѕпеоәд 1225 oq MOU иеэ ред 241, "ед eq uo 1481] ysey JO 42103 eq) sums UYL "1225 за 
1оциго реа au `Аүәзә[йшоэ woos о uox1ep pue әде) e uo [[eq әш 4295 "ju8runs siuosa1doi 
yorym dure әү usep/uo10) v pue uoour əy, sjuese1doi отца Peq 51009) € urqo piri 
paioo]po1 Aq ѕәшцѕ поош ay) зе Ј9Л0051р oi [dnd/eouren eu djay Аеш Joyeonpa јоцовој, 

I: Ayanoe папд/ээителз лоцовој, 


$9189}е11$ Surqoeo, рэ15э551$ 


75 


рәцео эле səpn мој Азэл pue ysy Клод ƏSL ‘цоош [Jn зе pue uoour мао Te “шош B 30M 
лото YORI цил ош ш әле поош pue ung eu "ques oq uo Airae18 jo jind ләш eutquio» чоош 
әш pue ung ay) әѕпеоәд 1n220 $әрп 25241, 'peunoj эле ѕәрп мој pue ysiy Алэл ‘uoow әш 
цим ош ш st ung оф ЧЭЦА\ “UOOUT әш Аа paonpoid ѕәрп әү se 819 se ДЕЦ uen 5591 emi € 
эле yep səpn ѕәопроза (ung) 11 ‘ques әш WOT Keme loue] yonu OS $1 ung оф әѕпеоә9 
евә UO ѕәрп ѕәѕпео osje Чиеэ at} ЧО Кулела Jo jnd sung au “sinoy 9 
1noqe 10} sqq? JO s[[ej И uay} :s1not 9 зподе 10} баз opn ou] “Чигә IP Jo siutod зиэзазутр те 
sInoy pz Аләлә зорп мој OMI pue Soph ЦЗ o sey qe» э 'sInou pc Алэлэ DUO SIX? 51 UO 
S21£101 Yes оф 9512294 те MOU 3503 4па/ээитезт, '5арп MOT рәү әле 5]әлә[ JOMO] 25941, 
"үәләү JAMO] зшој pu? INO suəpe mou ѕушой олу 15040 əy) зе Joyem ƏL "(es uo sjuiod 
om) aytsoddo aq зе лом Зшшешәг ap шол} $9105 цео uo $1104 o^ 95941 3e ѕә8үпа эдеш 
о) ur имелр SI JEU] IIM AL әрп 9150010 оф роџео 5111 ‹поош оф wo ÁeAe “}SaxROA\ 
st Ayavss Jo 1104 s,uoour 29 919^ “uea оф JO apis 1590120} pue әпѕойдо əy} uo st әр) SIY 
osneoog "лез э Jo 11ed pros əy} uo prey spind ospe ing “1 1521e2U 5лојем S ea IP UO sind 
K[uo Jou поош э әѕпеоәд рошлој $1 9pn STIL “yea ap Jo opis 21150000 оф uo решлој $t әрп 
481] 1otpoue әшп owes at) ту "9pH poog 10 ‘әрп цЗіц е pareo st 28119 Клотем 514, “UOOW au 
premo INO о8тпа opis WY ЧО лез әш JO лаем зјавлош Ajisea оф зэдеш ООШ әш Sulory 
чишә оф ЈО apis оф ЧО Кулела jo [ind s,uoour eu 9518534 paulo} әле зар, "(nies əy} риполе 
SurA[oAai чоош гр deay sdjay Аиле18 jo па Jesuons (sapea) 51 *uoour eu uey 1281] 
Suroq yeg IL “Yeo stp} uo Але18 jo [Ind е sey uoour stp aum әшеѕ oui зе pue uooul au 
uo Аплела јо [nd е sey qe» əy L "mea uo Аилел8 Jo pmd s,uoour оф Ка рэзпео sugə20 ош 
JO Пер pue esu әц} әле SƏPIL "Surpuejs1apun spidndsaauren әзео®у О} SB OS гәр ut equosap 
Кеш lojeonpa лэцовэл, “sep зподе uondoouoo звојо әлец р[поц$ ѕпапд/ѕәәшед 19Qoe2] 


вотдоје 6 gurqoea ројзоввпо 


ѕәрц 
deau рие 8ш110$ asneo 
uoo pue ung 241. (А 


үтуәѕп aq urd 
зэри мој pue $әрп 
4814 јо оврајмошм (A 


weg ou uo Але 
Jo [па ләш ошашоо 
чоор eq pue ung eu] (11 
yes 
чо зорп sasned osje 
yee ou uo Алле 
jo пп s,ung eu (1 
yee 
uo səpn мој pue әрп 
4314 sosneo Апл®18 
Jo pnd лэхеэм s,uooJA (1 
(sj)do2uo» лопту! 
ѕәрц sasned uooJA 
(sdoouoo 1ofeJA 


76 


злојеопра лацовај, 'рамооја Ayjensed Апо st 181] әш! цощл\ ur *e1quinued әш pares ‘ued 1o1no 
lopeo1q е ose $1 олоцј дер Áojo[duroo $1 ystym quin ә pares “шеа лошш pedeus-euoo 
в 51 әләц], (1 :$1е@ om) зец uoour ay] JO морецз eu] “Yes әш uo Це} морец s,uoou оф 
osdi[oo 1е[05 v ЩІ "3sdi[o3 1810$ e 10 ung э Jo 550195 ue ројео st uouaurouaud 514], "ung оф 
225 jou иво Yea uo 214094 зеца Хем е цопѕ sr ung оф pue yea et иээ^\1э4 Sassed uoour оф 
*uooui MAU в $1 9194} пәцл\ ‘SIUN ure1192 1800] 5лајошонх 000'p8'c 1noqe st ^opeus s,uoour 


эф aym Suo $1әзәшоцх 000‘007‘Т зподе sı ^opeus s pea ou ‘veds our mopeys Suoj e 
мола yoq ‘шоош әш pue yea о uo ѕәшцѕ ung о sy ^sesdi[oo jo попошоџоца aq шейхә 
Кеш Joyeonpa лоцовај, 'sosdi[oo jo Surpuvis1opun 1еэ]о в олец pynoys s[rdnd/ssouren Јоцовој, 


"әрп мој је пеш лоше әрп ЧЗ је Surwwims 08 01 axl] a]doad 
(ш) pue ш Зшшоо sr ец әрп e IYZY ој элец зои os Хоф Jey) OS INO 5308 SI әрп әш usum 
uod әлвә о} әз sdius (п *A[ojes 08 pue ошоо oj sdiys ay моје оз цбпоџа deep sı [ouueqo 
aq поцм әрп ur 1e Аүио олеој pue элыле sdiys (ү "3*9 :^o[ pue цат aq л sepn ay) usua 
Suimouy Jo sseu|njosn Jo элеме s[rdnd/seauren лоцовој oy] exeul jsnul lojeonpe JayovaL 


ле цова зе punoj 100] ue320 pue 
eutr[o1ous JO ршх әш uodn 8шриәдәр “лез au Jo syed зиолојир 1? злэзир $әрп ш esti о те 
уор} е 51 1] “Sop deau рэпе эле sopn мог pue ціц зәцешѕ osau ‘лэзлепЬ ise] 1e рие 1oirenb 
151] 18 “шош e зора 19410 цовә о} $э[8ие 1481 је эле поош pue ung au] IPO yə isureae 
Зирџом MOU әле Аплела JO па s,uoow ot pue Аплелд јо па s,ung оф asneoaq рашлој эле 
sopn ISO], 'рашлој эле [ensn se MO] Se 10 ЦЗІЦ se jou эле yey] зэрп ‘тэуо Чоеэ 0) зэрвие 148 
je uoour pue ung оф иэци `$әрп desu зподе osje pjo) әд isnur зпапа/зээмелл, “Sepa 501105 


So1doje.ug Surqoea], рәјѕә88п$ 


ung oy) pue yea оф изамјод 
sassed поош *uoour Mau ug (1 
(5)1492002 лошу 


чоош [пу 1 se Пэм 
Se поош MAU 1? 11950 sosdi[oq 


(s)}daou0d 10fe 


77 


"олел anb sı поош ay JO asdijoa [0101 ? 180) OS USO Алэл elquin s, yea 
әң ЦЗполцу ssed jou ѕәор woow ә *рәрп SI 11920 S,UOOU! әці asneoag “uayo annb suaddey 
uoow әш Jo osdioo [enjed e yey}. 05 елаштиод әде Jamel 5,0289 әш ySnomp uayo annb 
sassed UOOW эцт, "uoour оф uo spez ^opeus syes etn asdtjoa 1eun е Uy "ung ә pue uoou 
ay) шәәмјәд st yea ay) aym 'uoour |пј € 5! зло пәцл\ Кио $11290 чоош au JO 254 22 
uy 'ssdi[;s ieun] e Jo uoow əy} ЈО asdijoa ue ројео S! uouswousyd sil “uses 2q 10U ULI 
цоош oq pue узора чоош eu ieu зЧ8Нип$ ay 330 SMO yee оф yey) Кем е yons ш цоош 
aq pue ung ә} чәәлчәд sassed ties ou $әшпәшо$ теці ure]dxo Jpm Јојеопро лоцзеој, 


-gseyd чоош Mau aq ѕәцовәл поош оф uaa que э pue 
ung ot usemiaq ош зоехэ ие ш aq 1$пш UOOUI oq ‘ung әш jo asdijoe [£101 в 104 ‘иэцо Алэл 
uaddey 10u op ung оф Jo sasdijoa 18101 зе Pres әд 0} SI 3 "250159 SUN 10 Te[nuue ue рэпе 
sı osdi[oo 1e]os JO puy SIUL "задра ə} риполе 3480 Jo Sun шщ) е smoys 31 “Ајалојашоз Jou Mq 
‘pasdijoa [[ns 51 ung ә} *suaddeu чопошоџаца siy} uym ‘wens s pea ЭЦ} yoral 01 1105 
001 әд Аеш equin $400 əy} әѕцоә 110$ в eonpoud oi 1011504 14811 оф ш st uoour әш pue 
555048 тези st цоош әш и АЦЕЮэ45э ‘5211190105 "аовја моме) sey ung oy) Jo Ssdi[o3 ened 
v Aes эм “уо mo Aqjensed Á[uo st Mala 5,015 ay] чоцм ‘мал WO MO pono|q pue рэлэлоэ 
ung оф jo wed Ајџо 295 eiquinuod оф opisur әле oym зјдога `әоејіпѕ $Чаеэ IP ЈО мед 
19312] цопш в s19A09 елдшпиәй ot зец} рЧе!529рип ose sjidndysaaurery, “uaes әд иво BUOIOD 
sung оф ‘asdijoa 110; € Зиыпа 'затитш 8 зпо9е $3581 osdi[oo [010] € ‘Че UO 104$ иэл!8 Aue 
ту 'eov[d uox) sey uns 99 JO esdi[oo [e101 € yey) Aes əm ‘330 100 А]э1э19и10э st 3451 5,075 eun 
UdYM "MIA WO INO panoq pue релалоо Ктојаја шоо әшооәд ung ay} 225 BIQUIN әп әр1$ш әле 
oym ојдоза `$$әихтер 10 Mopeys әзә]йшоэ ш st әовјіпѕ $.Члеэ at) JO ued pews srp Аүио је 
os ooejins $.Чыеэ au JO yed pews K19A € S19402 Као equin эф Jo dn әш зеш ure[dxo шм 


вотдоје 5 suryove J, рэз5258п5 


эзАцээ 8ши 
10 1e[nuue $1 25429 
Jejos JO puy лэщои\ (л 


uooui əy 
pue ung ai ueamiaq sassed 
чишә ayp ‘uoow [үп ug (А! 


$11990 ung 
oq Jo әзйцәә 101, (it 


лез au uo s[[£j ^opeus 
s, uooui osdi[oo 1e[os UJ (tt 


78 


asdipoe депп] pue 1810$ : І ‘814 


„uoow,, „uoow,, 
20 [үед stuuaL Jo [це stuua], 
әйдә лешпрш — ,queg, agojg 281199 20105 ut Uns, 10 
џоош Jo uonisod цоош Jo uonisoqd 


2210$ 14817 


| 


морецѕ циед морецз 5.100 


osdi[oo 1eunj e 8шшзо} ‘MOPRYS 5,20018 JO $ p123 әш UPIM K]e1ejduroo st Иа 
зо ,uooul, ap [AUN yoy pue мога е9 stuue) әш 9AOJA "1189 51009) JO ,UOOUI, эф pue dure] 
әде) 10 „ипо, et UsaMjoq SI 99018 JO „лева, IY Је OS 9qo[8 10 „лег, eu JO opis 1е} әш 
uo „uoow, JO peq stuua ay) 8шрјоц Aq esdr[os тепп] е moys Кеш 1ojeonpo 1249821 941, 


"ава од 1e[os e 225 рүпол\ морец5 5191 ш 
прво UO лоллозао '2д018 at] uo $110} морецѕ dieys e [nun 4320}; рие xoeq рэлош aq о] элец 
Кеш peq oup `(1`814) „pea, ou uo si[ej MOpeYs e et OS „ава, оф pue UNS, әш џоомјод 
[ед sruua otn РОН "uoour оф $1195214э1 1etp Пе sruuo) е шезао "peuesrep 5! Ш001 ay) чәцл\ 
29018 әш uo Ашэлэ үе} 1480 ӘЧ 180] OS золпоз 1481 pue 29018 ay) uonisod pue yee әш 
Jo 29018 ® 129 "ung et 112591421 Цолоз/лозоэ[ола эриз v у(ралошол эрецз eu чим) іше әд 
g je 'sesdi[oo Ieun; pue ejos әлейшоо oj ріпӣуѕәәшед om Чәч Аеш зо1еэпрэ IWILL 

I: Апапов pydnd/oaure1 лоцовој, 


$918э3е135 Зицәвәј, ројговапо 


79 


peay $.10$124 
uey 12812] 
Anysts гјон 


ung jo o3eui 


soded ~ 
L 
М 4 
ход $ 


2104 
рзеодрло) urd Чим оў 
шишшпүу -Криәиешләй 14815 оде лош овешер 


pm 3t әѕпеоәд ung оф је Ароглр YOO] Kaum pinoys awn ou је Wy spidnd/seeuren oy ionnsuy 
"(с "Sig Jaded anya әш uo Few, ие 5ш10у pu? әјоцша оф $1212 ung оф WOY WS] pun 
premioj риәд рие позлео әш ош реәц ino ind ‘ung әш о} »oeq INOA чим pug) мом 


1481! әш no daay 01 12412801 К]әЈпоәѕ 
шәці әйе} pue џојлео рлеодрлео ay} JO sepis Пе 95010 "ПОЈ umurumje au JO 121125 оф ut 2104 
ша e одеш uap ‘ooy oq 1эло пој шпшшщцүе 8 ode], 'лојио 0} peau 1noÁ 10} гјоц ® Nd под 
олоцм opis ayy ausoddo opis Suo[ etj Jesu pue 21915504 se 481 se o1enbs (your 1) 5лојоштиоо 
TAT jou [ews e mə wows otp jo pus 1240 әш ту ‘10042 оф 10 pua ouo 01 1eded зицм 
в ode] ‘иомео әш Jo opis 800] ouo uo peat 14/514 JO 2715 әш ЧЕ 13312] әпи e зјоц е MI 
01 ээшел әш Пэт, JLU IP шошу uoi? pleoqpieo Temur Suo[ ® 128 о} оошел 1942221 
ou ysy 'esdi[oo reos € ЦЕМ 01 MOY папа/әәшед 194983} ƏY} Чәч Аеш Joywonpa JayoeeL 
с: Awanoe Папа/ээителз ләцовәј, 


$әїЗәўєл}$ 8шцовој, pe}sessng 


80 


The teacher educator may evaluate the trainees/pupils through the following kinds 
of evaluation instruments. The activities given here are only suggestive. Teacher 
trainee may design his/her own evaluation instruments or methods. 


What is the size of the sun and the earth ? 

How to show that the earth is round ? 

What is earth’s day and year ? 

In which direction earth revolves around the Sun? 
Why the earth revolves around the Sun 7 


How does Sun give off energy or light ? 

What are the members of the solar system ? 

Why planets are not stars ? 

Which planets have got satellites or moons that revolve around them ? 
How planets are similar to each other ? 

How the planets are different from each other ? 

Why the planets revolve around the Sun ? 


How does Sun cause day and night on earth ? 

Why does Sun seem to arise in the east and set in the west ? 
Why Sun’s energy is important for the process photosynthesis ? 
How does Sun’s energy is stored in natural fuels ? 


What is the size and distance of the moon and the earth ? 

What are the prominent features of the moon ? 

Why does the moon revolve around the earth ? 

How many days does the moon take to go from one full moon to the next? 
What is new moon and full moon? 

When does high tides occur ? 

What is the utility of knowledge of tides ? 

How could one observe solar eclipse ? 
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MAGNETISM 


‘Teacher trainees will have competencies to 


i) 


ii) 


iii) 


iv) 


v) 


vi) 


vii) 


classify magnets according to their shapes 


clarify how two like poles attract each other and two unlike poles repel each 


other 

have idea about magnetic field of a magnet 

distinguish between magnetic and non-magnetic materials 
understand, that magnet can attract through non-magnetic materials 
clarify nature of magnetism 


make temporary magnets 


viii) prevent loss of magnetism 


ix) 


x) 


give examples of uses of magnets in industry, home, communication, 


appliances and in many toys and games 


demonstrate different activities for magnetism 


98 


jouseur v пәцдү 210 Suryaas-ypnos e рие Sub[oss-tpJOU € :32104 ou sey 1әи8еш Jerone 
10 әреш-иеш y 'se[od раје эле цоца 'spua SJ ЈЕ jsaSuons st запбеш e jo (IInd 10 ysnd) 
2910} әң зе sure[dxo он ‘чоповие onauSeur jo Mey эф ure]dxe ppm 101еопрэ loyoea] (и 
"j[eq0o 10 JaYOIU JO 12215 JO поп JO эреш Пе 31E $1дә!до əsə зец) 2100 pue joue 
oq Аа paeme эле wy siosfqo esoQ Це apis 9UO jnd иво spidnd/ssoure1] ләибеш e ym 
yoafqo Че 1oeme 10 dn yo1d о) Án ѕпапдуѕәәшед eu) 197 "103 шпшшпүе pue лова ‘yoyo 
*sse[8. 'лодед ‘poom 'uoKe1o ‘yeyo Jo $29214 jews pue pues “с̧әддә *spueq 1eqqni ‘$и10э 
“$ә[рәәи ‘surd ‘speu “12 ioded se yons ѕјершәеш јо Мемел е 129105 01 sjidnd/seouren 
oq ysy "eme [p yousew e 5]е0ә]ЕШ jeu oumuigjop ues ппд/зэмел JayoveL 
I: Ayanoe pdnd/ooured) ләцәкә, 


“slouseur podeys 


-n pue яэизеш 304595100 *gjouSeur poi “зәи8еш Teq : sadeys ла O1 9UIpJO22? рәшеи зле 
sjouSeur [erogniy :(ѕјецшәјеш опашбеш) үәўош рие yeqoo ‘poas ‘шол шо Áquo рэтедэла 


aq ueo дошвеш јеоциле Jo орешиву ‘odeys лејпЗә1 Suey Э1П905—Ш ‘эт 210 под 


ue Sururgjuoo S3uojsapo| рәцео әле pue punol8 оф ur punoj әле sjouSeur jeimeN "SIGUSEUI 
Теэциле Jo opeur-ueur рие чешбеш [ене : sjougSeur Jo spu o^ әле YL 'S[eHie]eUI 
опәи8еш payed эле $үепәзеш 2529, PANU pue j[eqoo ‘pas ‘шол jo зреш $үепәеш 
JaLe 10 dn yord ји зеп $[2119]Ш эле sue "uondoouoo теэр олец Аеш spidnd/sesuren 
1249821 1241 OS Wisheuseu UO sidoouoo Kueur ure]dxo ој э101 € әлец ѕ201еопрә 1әцо®ә], ( 


soidojexjg SurqoeoL рәјѕә88п$ 


үешәјеш опошвеш syp әріѕш 
с̧әүпоәјош jo зиэшэ8иел1е pue 
ameu ay} 01 эпр sr шѕпәи8еуү (л 


зјеџајеш опошвеш 451014 
jou па s[er1ojeur 2пәибеш-џоц 
чЗподп зоелие иво UEN (Al 


рә 
опәиЗеш upm злом зәибеуү (Ш 


uonoeme опошвеш 
јо mej ay Aago saue (и 


зрш ow JO зле sjeugejN (1 
($)34э210э лоши] 


syetiaiew 121199 
joe IVY} ѕүешәјеш эле взәи8ерү 
(s)do2uoo 1ofe]At 


99 


sajod Surysas-yynos o eq Fung “euseu! рәриәйѕпѕ оф jo ajod Surysas-you ay) 1eau 


1эи3еш Ioue jo әјой Suryaes-yiou оф виша ‘мом '(1'8:4) syooq Jo әрі в ош panasu! 
зәт e oj SUNS е WIM am оф Surjeuuoo pU? AM leddoo jo эээ e ш и Supeo 


Ка Ajooy Sums 19ugeur лед в јә” "UODIDEJHE опәивеш JO ^| IP I9AOOSID ША Sooutel] 
€ : Хпапов Папа/ээителз зәцәвәј, 


"ајррш әш ш 10u pue sajod sit је 15980015 
st јәиЗеш e JO 2920} OY) Wy ure[dxa [им лојеопре јоцова) әш SNYL ‘youseu pedeus N, 
в pue әоцѕәѕіоц Зшѕп ÁjAnoe оф yada 0] s[idnd /ѕәәшел әш ysy лошзеш әш JO $2104 
оф 0} 41500115 130 рәјәвте әд [м $8ШИЦ oY 'ошп Човә ueu оф JO syed 1иәлә}1р 
Зшѕп *jouSeur лед e quA sSur[g эф dn Suryord Án oj шэф xS? MON 51055195 9 ЧИМ 
$95214 pews Алэл OUT qoom paas әшу dn Sumno Aq $8ицу exer ues suo JO озпоц Kqddns 
ognueros e шоу $8щИц пол urejqo o) $папд/зээшел om ysy "59100 51 је ]$95UOJIS SI 


pusvui јо попови 20 ie лолоозтр oi spidnd/seeuren au Чәч Пул 1озеопрэ лоцовојј, 
т: Apanoe [rdnd/soure1) ләцәвәј, 


"лото цовә Jadai sajod эх o^ рие 1etpo qoe» 16.118 
so[od әхцип ома теці $115 yorym ‘Tonene oneuseu Jo Ae] оф Аодо Kay ‘apo yore 
1eou 1481014 әле sjougeur ОЛА Jo so[od оф UIM aeui sure[dxa мои лојеопра 1әцовә], "52108 
Buryoas-ynos әле әләц} se $2104 8145$ you Áuew se 1501 skemye эле әзәр inq ‘sajod 
киеш sey (2и015эро|) зэи8еш [enjeu р ‘AreNuos оф по 'Supjess-Qmos рие Surjsss-(Jou 
paleo әле 52104 оф АЦА цозеэл ay) 51 SIYL MNOS оф ріемо] sjurod ajod Surjsss-tnnos 
sy pue you оф рземо) sjutod ajod Supjess-qiou sii *ooeds ш Ајооц SUMS ој ромоје SI 


$918э3е135 Зищреэ1, рэ}5э8515 


jougeul в 

se золецод YLI au] (ПА 
wsnouseul 

пәц} ƏSOJ ULI яэи8еу{ (Нл 
sjouseur 
quoueutied ло ќіезойшәј 


Supbjeur jo shea эле әлә], (А 


100 


-әйЗеш əy} JO әүррїш eui је UU) ‘ysaBUONS SI 3910} 
эпзиЗеш оф әләцм youseW I JO (sajod) spuə оф 18 12412801 Ајозојо paysunq 9210] JO 
Saul] элош әле ole] "робове 51 11 MOY pU? payeoo] St ploy опәи8еш ay) злоца Зипеорш 
55910) JO 550] pared зле saul] ә$әц], 'Saul| JO uned e owr зэмезшащ Suee 58 у 
оф чоџбеш в риполе papyutids эле [ooA 19215 JO sooaid 10 sur чол И PPY 2П908ЕШ 
оф рорез 51 *1]ә} 51 10 $158 зәиЗеш e JO 29210} ay} цотца punole ‘goeds чуј зәйЗЕш е ox! 
зое иво ose әиЗеш e punoJe 22205 aq 1800 зпапа/зээшел әц [[9) [IM Јојеопра IYL (i 


доцјо цәвә 3261338 
$104 әхцип pue “лото цәвә jada 59108 2177 : T "ur 


101 


јо па 


“yoyo uoo зоелце $2104 exr[un pu? loto yore 
|24эл ѕәјой злу Jey) 2100 01 әәшел әш 01 jno зитоа “UZLU popuedsns at ЈО gjod Sunjeas 
-ymos оф 2еәи puey под ш jeugeul оф ЈО gjod Supjess-qou 29 Suuq MON "2919801 


ѕә13әје:135 шов, рәјѕә88п5 


atn әѕпеоәд элош jou [іл $21 au “sdius un WIM UVO ‚ип, o81e| е шоу 112 ‘цоп JO 12245 
в әѕп MON “MO pue “пој umrumunje ‘poom 'sse[8 JO $129$ Зшѕп AWANe әш 122421 0] 
зпапа/зээител oq xsv ‘элош Way) exeur рие $4281 IP зоелие [IA узибеш оф WY э^1э590 
-(с"14) рлеодрлео әш JO әріѕ1әрип әү 3uo[e jougeur Ieq ве opi[S JO элош рие рзеодрлео 
ai uo $1281 quinty awos doo “ede ээшаз!р 1104$ v 19$ 54009 Jo said om uo рлеоарлеэ 
v ooe|d ләи8еш лед e рие syon quini eus ‘pop pue poom ‘moy шпшшпје 'sse[a 
JO 1ээ4/рлеоарлео в ‘$4004 мој е ureiqo Кеш Kou '5темојеш опошвеш-џоџ usnoiug 128.111 
ues sjouSeul зец loAOOSIp [ll^ зиапа/заэшен зәцовәр $ : AJAHOE папа/әәшел} IIAL 


‘yno 
ssed ues 2910} әц Jo ouou Аеоповла wy 0$ 2920} onouSeur IP ЈО [Ie Ареэи дом 10 ploy 
(цедоо pue [oxoru ‘peas “цол se yons) s[eliaieu eset[ ә$пеоәд S[ELIS]UUI oneusew ysnoim 
ssed Jou soop јоџдеш e JO 2210J eu WY urejdxo 1oqng м ƏH "$5229 pue Sse|8 *umurum[e 
‘poja ‘poom '1eded ‘ие se yons (oneuseur-uou) опәиЗеш jou st ey, үешәјеш Aue ysnoim 
ssed иво 1эи3еш в JO 2910} IP WY завотрш UONORME 514], "шеф Surqono) цэлэ 1поцил\ 
јода ‘2909 ‘pas "пол se YONS $үепәеш onousew yore ULI youseul y ‘$ецаеш 
ќиеш ySnomp ssed ueo 1әи8еш e jo 2210} oy) jeu) ure|dxo jpm ѕ10јеопрә IAL (^t 


*sajod exi] 
uoaAMoq uors[ndo1 ay) MOYS 2910} JO saul] MOY pue $2104 oxr[un useAdeq лао Qoee 19118 
01 шәәѕ 2210] JO 5ош оф NON “Jao ove ieeu se[od эхи Suroejd pue Jomo цовә теоџ 
$2104 oxr[un Suroe]d sjouseur req ол 5шѕп AMATDOE SIY yeadar p[noo oourei] ‘52104 әш је 
paienuoouoo эле 2920} JO SOUT] әү зе MO ILO ре э шцил\ pojeoo[ 9310] JO Soul] әш 
pue рец oneuseu ot 8шл\оц$ “иләпей эпицэр в woy 0} $әлүә$шәщ ә8иел1еә1 || [оом 
[9215 Jo $20914 10 suy etn WYL оллезао `Апиэ8 sse[3 mopurm эц dey pue sse[8 моршм 
ay] 1940 [үе [OOM 19915 JO $99214 Aun Jo supy цол oppurids џецј јэиЗеш лед в 1940 sses 
MOPUIA JO 19245 t oo7[d '2010] JO Saul] pue p[otj опошбеш moys Аеш Joyonpe 19403 L 
p: Апапзе Папд/ээителз ләцовәј, 


ANDERS UI a ee SS оссо A аш. 


зотвојелј6 3urqoea ] рә}$ә88пс$ 


102 


зэиЗеш рәҳлешип ue jo $2104 ou әшшләјәр 0) pesn eq ue» әүрәәи sseduioo e је шејаха 
-paeme aq јр әүргәи sseduioo at Jo ajod Suryaas-yinos оф оца рәцәдәз әд им әүрәәц 
зпдашоз ay) Jo э104 Suryaas-yliou ou yey) э^19540 А Kau] `ѕѕейшоо əy тези зәидеш 1q 
е Jo 2104 Suryaas-yiou эц Sunq 01 Wet) 19] Кеш 1ojeonpe лоцовој, ‘2104 Suryees-qou ot} 
рэпе st pue мовја 10 опја ролпојоо Ayyensn st you eu О! siurod yey) э1рэзи au JO pu» 941, 

-Jouse € ST гради 55840109 ® 3241 I9AOOSID рие sseduioo e әшшехә Аеш sjidnd/saourelL 
9 Ane папа/зоштел) IVIL 


s[Er19] vut эцәй8вшиоп 
u3noaqy sassed зәиЗеш в jo 3310] FUL : C "dur 


53009 
јо 21а 
syor) 
quini]. 
рлеодрае 
Jo 12945 


(jaays пол se qons) sjenu onouSeur ynom 10и Mq 5јемојеш опошвеш 
-uou удполр sioeme 19U8eul ey ure[dxo pm lojeonpe 1249291 IL 82р Wey) SpIOu 
pue sov) ou soume је 19U8EUI V JI Зшуеш 1224$ пол о OJU! sassed 1эи8еш о JO 9210] 


59182321159 SUMIL poise38ng 


103 


jet OS пол 3JOS ш (5ајпогјош 10) $шешор әш dn әш sdjay uonooirp euo ш Ашо suryons 
jeg шејахо зофитј [^ Jojeonpo лецовај, ‘цопоэцр эцо ш K[uo inq зошбеш зиэцеииаэй 


v цим sour Áueul (пеи е se (ons) цол 0$ jo aoaid e 3100$ 01 SI 1215 K1e10duro) 
v зем jo ABM puooss (и “шѕпәпсеш рээпри! 10 uononpul рәв $1 sjougeul SUD[EUI 
до Кем 51ү], “ш$пәи8еш sy Soso[ [ееш оф ‘рец эпэизеш sy pue заџбеш зизиеииед 
ay) Woy Кеме шеме SI penau ош “se 1005 se ‘9512594 *Kqueodum) Ао inq 1218 
в ѕәшооәд MOU јеџејеш опәидеш ayy ләидеш јшәџешләй гр yono, енаеш oneuSeul 
ap элец 10 jouSgur зиэцецые4 v теэи |еџејеш опәидеш e Sunq oj $1 jouSeur Áre1oduro) e 
8шхеш јо Хем 200 (1) ләидеш Áre1oduro) Supieur Jo зАем әц 119] 150ш Jo1gonpoa јоцзеој, 
"џол 105 JO эреш әле $104 pue SMIS ‘вдов “пем "Á[ISt9 se jsnf wsnauseul лош 2501 
kap nq eznouSeur o Asva эле иол OS эх $]еәјеуҷ{ "UOJI OS шо зреш зле $152 
Кіелойшәј, ‘эреш oq иеэ sjousew зиэцецие4 pue Азејодша) yog *sjouSeul ош әреш oq 
иеэ Q[eqoo ‘адом ‘1221$ *uour зенаеш опэизеш Á[uo jeu ure|dxo [II Joyonpa лецовој, 
"зјеџојеш onougeur uro1j sjouSeur одеш о} MOY рјој э4 snu sjidnd/saauren лэцоват, (e) (ta 


“S193443 опошбеш лош) [22422 Цом 
*uonoeip ausoddo amp ur uds дец pue uonoourp ouo ur urds 54011532 леш Jey Зена 
опәиЗеш-иои Jo ѕшоје ш "jougeur Аир e wow qovo 8шхеш лошо оф че uOnoellp 9uo ut 
шӣѕ ѕиодоәјә 910UI зјемојеш опзизаш JO зшоје UJ -jouSeur Aun в se sioe иолоәуә Suruutds 
yoeg "шоје at ur sne[onu о риполе [әлед 10 олјолол Аәц} SB suonoo[e eu JO зшәшәлош 
Suruuids stp 01 эпр st s[eriojeur опошвеш јо шѕпәи8еш оф теу) 9ASI[9Q 5151109195 Керо], 
"орой Suryees-tnos e pue Supjoos-iiou e qii чешвеш Аип в әзәм 11 jI Se рэлеЧэа [8119121 
опәиЗеш v ur әүпоәуош Алала те рәләцәд КәцІ, ‘емэлаи опошвиш ош әріѕш $әүпоә[ош 
эф Jo iueuroSuelre pue ameu әш 0) эпр зем үепәјеш опашвеш e ш шѕпәи8еШ yey 
зцЗпоцр ssNUeIog "шѕђәи8еш uo обројмоих ajenbape рәртлоза әд пш s[idnd/seaurei] (А 


ДА ла ое ы ЦИННИВНИММКММКК________________________________------ 


$918э3е13$ Зшцәвәј, рэ15э881$ 


uou fou a ЕЕ БЕСЕ 


104 


wsnəuĝew рәәпрш 
Jo ssne2aq sxot) aq S798178 [EU au : € "ВЫ 


"Jo еј Sxoe ou pue шѕпәивеш 51 59501 ПЕП ou “рәлошәз st зәий8еш тед IP VAM 
"uononpur Aq рәзпәиЗеш osje әле ии UI җәе oj ‘зи эф яве — pue “ufew оф 
Surgonoi uscd зпоцил "uoronpur Аа рэзизизеш uəəq sey peu SUL (є `81д) peu eu dn yr] 
цэцз pue 'syoe pews jo зора в ош [reu otf dip *uonisod sm ut зәиЗеш pue [reu оф 8шЧәәу: 
-ueu 1q 80015 Е JO јод əuo о; 25015 aunb peu пол o31e| е РОН ‘220 Кие sao 
цовә joeune 100 ор $3281 291 ‘Keme пд $1 1әи8еш лед оф SB 100$ SP 951534 Кіелойшә 
sı шѕпәибеш poonpul siy} jeu MO jug ‘syoe] Jomo sone pue uononpur Аа youseul 
e ѕәшооәд Yori ЧЭЕЯ '2104 о риполе 5428) JO loisn]o в әд pim әләц 1241 2129590) “ueu 
әш dn уц vay) pue 5429) [үеш$ ЈО эп4 e ow јәибеш 1q Е JO gjod ouo esunjd/ss1eumu] 
‘uononpul Áq jougeur Клејодша) в одеш о MOY ojensuourp ША ioieonpa 1IL 


105 


L : Ayanoe п@пауәәшел} ләцәвәј, 


“әл ou YSNOIP 1199 Кір etn шод sMoy 
juo11no 31113912 оф se Suo] se КиО jouSeur e Ans pim зошвешологја UV -1505501093]5 
рэпеэ $1 yuseur Алело@иэ JO pu 514] "82 ќар в Jo 91504 әщ о: әлл\ гїп ЈО spuə э1е9 
ay) JoouUOD uot pue “иол 105 JO 29214 e риполе sawn Аиеш әла pare[nsut ue дем 01 SI 
jougeui Ајелодшај e Зигуеш јо Aem pin y (ш чиошавивле пәц} 2501 1005 (5ојпогјош 10) 
зшешор оф э$129э9 дашбеш Алелодша) v Á[UO SI пол YOS 941, "чопор ausoddo әш зи 
эле so[od Suryaas-yynos ou) Пе рие UOH29JIP ouo Suez эле səjod Suryees-quou әш |18 


$918э3е13$ SUIL рәјѕә88п$ 


јәиЗеш лед Е ЈО 3104 auo qr pasos 
uaqA зәиЗеш Arvsoduray в sauro2aq [reu uL: р "ul 


*saoaid [oo 
[221$ 10 syo% JO sSui[[ мој Аләл dn yord Ци її pue шѕпәибеш 51 jo 150ш 150] 9A?Q ША 11 
“пол yos jo dn эреш st [reu ә әѕпеоәд yey} Ino jutoq `зАер у о} © 10} apise [leu оф 195 0] 
Wat} [еј MON ‘SJOV JO [00^ 19215 JO $95214 10 58ш ју иол dn yord pue 1зи5еш e әшооәд 
pim [reu оф jeu) эл1э590 "(p 'S14) Ао попозир ouo ur Apues pue Ајмој5 234015 o) ШӘ 
um ‘soun Qc зподе joueur лед 8101$ g jo o[od ouo чим риэ ој pue woy exids 10 [reu 
пол әЗле е әҳодѕ 01 [Idnd 10 зошел ә Pnysur Аеш Jojeonpo зәцовәј, "513015 Aq зәибеш 
Клелодшо e одеш ој моц weap [|^ Папа/ээитез1, $ : Апапов рапӣ/әәшелу ләцәвә, 


зотдојелј5 Sutqoeo, pajss3ang 


Е eee a eS ee 


106 


одеш Aresoduray в st 3208510135312 UY : $ "314 


2114 124409 


-Ayyoinb Алэл dn рәѕп әд А 1199 Кар эш 

овима ‘21915304 se әшц e 1104$ se 10} [199 Kip оф oi рәјоәииоә эм ot} daay : NON 
wsnouseul 

ѕу $9501 [reu оф рие ЗшмоЏ sdois uama ошодје әш ‘seutua, оф JO 9UO шо JIM 
ay) олошол под шәцу ‘зэи8ещолозе ие рэпе SI pue “12215 JO чом JO зреш $12э[40 12410 
pue sxovi dn yord mou [[IA печ ӘЧ], (314) spuooss мој B 10} үешш1ә1 puooes eu 0} pua 
лофо ay} yono) pue “ә Kip е JO үешипә: B 01 pua 900 102uuoo ‘aim оф JO spuə од WOY 
uonejnsur оу әлошә `зәши OZ 01 ST 11008 [reu џол 331e] e риполе 02 € Ш әлл\ $1 
рит '21015 эідоәјә шошу (QZC'OND ^9JIA^ Под 1oddoo рәтепѕш awos штадо о] WY 120154] 
‘Anaoa pm 12482 Kielodurg) e одеш oi моц 9IEIJSUOUISD Кеш Jojeonpa зоцовој, 
6 : ќллцое пдпа/заштел) лоцовој, 


sagans Зшцовәј, рејзобдпо 


107 


10 jouSeur әоц$ә$лоц ? JO 52108 ayy 550298 ‹190994 в ројез Амоцииоэ ‘иол 3jos ЈО 29214 е 
ind oi st Хем 200 (1 "Suons ѕјәидеш 814295 jo skem Jo s[idnd/sesure1 элеме 01 элеЧ 15пш 
1ojeonpa лоцовој. ao yore ezi[emneu Кем sty) ш pue sul] јо INO имо pue pasuelesip 
за pm (ѕәјпоәјош 10) ѕшешор ey) 2560 Човә UT IPO узео 30 doi uo 10 apis Aq apis 
яэиЗеш o^ Jo sajod Surysas-you sy) Зшова Ag (c ‘way Зипеәц Ag (с “wap 8111135 
зо Зшадолр Ag (t :ш$цәи8еш лош 2501 о} ореш әд ULI sjougeur цощл ur ѕќем Áueul эле 
әләц], шзпэи8еи 112g aso] ор %)әиеш зе Zurmouy әд 151 sjidnd/saauren 1эцоеэт, (пл 


-5э104 ym ‘1245еш MoU в зошозод |м Jey yeg 

"ѕләца Sumno цим дец ur э[рээи Зипиих pazreuseur əy, по 0) soured әш jonnsuy '(олоде 
9 Килпов 225) и Jesu sseduro g ЗшЗина Аа o[pesu Зипиих pezneuseu sip jo sajod 
әш ouruolap оз зээщел ay) »sy 'sÁep p 01 © јој зрбе 125 4994 SEU 1 Joye wsnouseul 
ѕу JO SOW $шә1 әүрәәи Sum ay) WY э^1э590 '[IeU цол ие JO peau; әүрәәи Зипиих 
[221$ e 8ш$п олоде g AyANoe әш зеодол oj әәшел ә 190151 Кеш lojeonpa 1оцзеој, 
от: Апапов IMEI} лоцзеој, 


"(joueur зшаџешлод e одеш о} рә$п $1 
Аз eieuw) зәи8ешоцәәјә че ш UON YOS JO pesu! [2215 JO goaid в asn 01 $1 12182 
зшәшешләй v Зшуеш јо Кем puooss у ио иопээир 9UO ш јошбеш juoaueurred e цил\ 
sawn иеш (әрәәи Зипииу) 19215 ЈО 22214 e ayons о} sı јошвеш зиэиецией e зшлеш Jo 
Кем DUC '19215 JO эреш әле злэлыр MOIOS рие '51055105 ‘этих *ѕәүрәәм `әш JO MO ШӘ 
MOI o} рец se 15п( sr и *euop $1 dn Зши о әоио inq ‘dn aui[ 01 1эрлец зле (suonse]e 
10) зэтоэюш grau, “Ajisea шѕпәи8еш ләш 250] jou op Áetp esneooq quoueutied элош 
st ursrougeu леш inq ‘эзпэи8еш oj prey әле 1231$ рлец эхи зтеметеу ‘12215 WOY зреш әле 
яэиЗеш зиэцеииэа ‘зэи5еш juoueurred әўеш ој моц штејаха Аеш лојеопрг зәцовәј], (атл 


ilies SS ЕЕ ЕТ Е Е ии 


зотдоје 215 Зипцәовәј, рәјѕә85п$ 


Е РЕ T M SS Se e 


108 


ошдеш e jo sajod 
ap 10} „Зшуәәѕ-ціпоѕ, рие ,surjees-you, W әң} asn әм peoisur os “SUISNJUOS 150ш 3q 
pinom Mou әЗиецо sup Зшуеш sy "мага элец ріпоцх п se *o[od unos әш paleo ussq элец 
Ayjeui3iJo pynom you 29 01 ѕушоа зе 1эи8еш e JO эю4 әш Ajayi] 150щ пәц ‘1513 PIY 
опәиЗеш suea ap зподе umouy pey 9^ JI -augeu o8nu e se paoe Yea о Jet] МӘШ 
әм әлојәд Suoj $2104 ypnos pue YOU poureu злом yousew e Jo sajod ot esnedaq $11220 
sajod эхи Anuoredde jo uonoeme $141. "(uou әш 01 squiod you „режеш, уәиЗеш SurguIAS 
aay в jo ajod о esneosq suosiad/siidnd/saeurem| иеш ш 0151} 105 ЈО олеме әд snw 
ѕзоеопрә лэцовэл, '2104 onausew you әш ЈО џопоәлр ay) ur =1шой pue play onougeur 
seo әш Аа раозце st 2104 Sunjaes-y0u 350^ әүрәәи poznaugeUl e 5000 11 eSneosq 
st YOU попзелр әці AYM sn $1121 ssedwioo v “play 2пәибеш e pue gjod onouseul qnos в 
‘gjod опошвеш YoU в ЧИМ *ougeur әбпц в әләл\ 11 И se золецод Yee әш әѕпе2әд $11220 
зиэшалош siu ‘Чои ou oi Sunutod youSeu оф Jo aod Surjses-tpiou ? ЦИМ *uonisod 
inos-tpiou e UI SI и [пип 9AOUI [^ зәиЗеш эщ 'Á[ooip Bums ued 11 ЈЕ OS popuedsns 
st jougeur v М eugeur v se ѕәлецәд Yee о те Кулејо asnu Joyonpe JeyseeL (шл 


язиЗеш од Jo $2104 əy} 550198 jodaay £ 29814 uou 
pue joueur Jotpo ay) JO gjod Suryaes-ynos әш jo do} uo 10 apisaq $1 j9UGeUl 210 ЈО зјод 
8шхәә$ YOU оф PYL 05 sjougeul лед OM] 21015 01 SI Kem puosas У (с *youSeur pədeys N, 


$918э}е115 8шцәвәј, рәјѕә88п5 


109 


"зшоц oq pue Адзпри ш 51218е110.153]2 
pue sjougeul Jo sasn ssnosip рие peal 0} зээшен лоцовој IP 12011511 Кеш Jojeonpo Joye, 


"sKoi ounoo[a Ачеш ш pue зээцена@е э11123[э әшоѕ ‘51242214 пэлэ *зәшщә 
«зла тла ‘$29 ш ошоц әш ш punoj эле чошдешолооја 'ошело рие Joull0JsuEm ‘101212195 
‘Imou о se зэотлэр tons ш ANSNPU! UI pasn $1 3] "UOISIA9[o] pue отрет ‘quoydajal о se 
yons uonesrunwwoo Jo $0110} 19410 ш pue 44183121 ur pasn әле sjougeulompo[g ‘saweg pue 
$Аоз Kueur ш pue sosseduroo ur 's1ojelaUo8 рие 5лојош ошогја ш Osje рәѕп эле SUSEN 
-sjoafqo лофо pue 1э4е4 Jo $25214 рјоц ој pue “шәп рәлошәз sey Iəuədo ued әш Jae 5009 
Jo Spl] ә роц 01 ‘рәѕојә Joop дојелоди јал pue зэшаео dəəy o) ‘зэ|рээи pue surd dn »oid 
от pasn әд ued sjouSeJA ‘язиёеш JO sosn зпомел op ssnosip Аеш Jojgonpo лоцовој, (xt 


ee tiu LoT RM ME RD EE 


$918э3е13$ 8шцәвәү, рәјѕә88п$ 


АЕ (dirus ть Е С ee 


о 


ELECTRICITY AND ITS USE 


Teacher trainees will have competencies to 


1) 


2) 


3) 


4) 


5) 


6) 


7) 


8) 


9) 


10) 


discover how friction produces static electricity 

differentiate between static and current electricity 

classify materials that are conductors and non-conductors 

state law of electrostatic attraction and repulsion 

perform activity how electrically charged materials attract uncharged materials 
Understand occurances like lightning and electric sparks 

list out common phenomena of static electricity 

make a simple electric circuit 

make list of all appliances making use of electricity 


understand safety rules and list out safety rules for using and handling electric 


appliances, wires and switches. 
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TYPES OF ROCKS AND SOIL 


Teacher trainees will have the competencies to : 
collect, observe and classify rocks 

examine different samples of rocks 

perform activity to observe how sediments settle in water to form layer 
examine the samples of metamorphic rocks 

impart knowledge on how soil formation occurs 

compare different kinds of soil 


perform activity to show how fast water goes into different kinds of soil 
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NOLLOAS ОМАНА 


1. CONCEPT OF REAL NUMBERS 


Historical and Logical Development 
The study of numbers starts with natural numbers {1,2,3,...} extends to 


е + Р ; ita 
fractions 5 5 #10 4 2 ..., to rational numbers including integers and then to real 


211 4 


numbers e.g. /2, 3 -5 ‚ п and finally to complex numbers e.g. 7+2V-1, 
-3/4+V7. V-1 etc. 


These successively generalised kinds of numbers were historically developed 
in approximately the same order. Natural numbers have been used since time 
immemorial. Fractions were employed by the ancient Egyptians as early as 1700 
B.C.; Pythagoreans in ancient Greece, about 400 B.C. discovered numbers, like v2 
which cannot be fractions. The argument ran as follows: should V2 be a fraction p/q 
in its lowest form then р?=24? would imply that p is even; thus p? is divisible by 4, 
when the natural number q would also be even, contrary to the assumption that p/q 


is in its lowest form. 


This discovery clashed with the philosophical and religious views to such an 
extent that it was dangerous to divulge it to the believers in God. Over the door of 
the Platonian Academy was inscribed "No admittance for those not proficient in 
Geometry". Not long before, Socrates had been sentenced to death for other ‘novel 


practices’. 


During the Middle Ages both rational and irrational numbers were employed 
without concern. The notion of zero and negative numbers as opposed to positive 
ones, was developed in India about the 6th Century A.D. The signs ‘+’ and ‘~’, 
however was being used only from the 1400 A.D. About the same time, the 
imaginary numbers e.g., У-1 started thrusting themselves into mathematics. The 
terms ‘real’ and ‘imaginary’ indicate that these concepts were not adopted without 
understanding. But even some rules for real numbers, like 0) (-1) =+1 were 


considered mysterious. 
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The concept of a number was associated with the geometrical concept of a 
point and these two terms are still used as synonymous. Geometry, connected closely 
with the human organ of sight and its scanning ability, was more appealing than 
logical dedication. In many ancient books the proofs, even of arithmetical facts, were 
given by a geometrical picture with no verbal explanation. Diagrams are still helpful 


both in learning and teaching. 


Thus, it seemed evident that the natural numbers correspond to a discrete 
sequence of points going in one direction of a straight time; the negative integers to 
their prologation to the other direction. The rational numbers correspond to points 
obtained by dividing intervals into smaller parts. The ancient Greeks knew, that this 
interpolation leaves out many points - in fact, all those corresponding to irrationals, 
like V2, УЗ. The number V2 was understood as the length of the diagonal of a unit 
square. It it is "evident" fact that the line is continuous motivated acceptance of the 
"existence" of real numbers. But the meaning of continuity itself was not explained, 
despite many attempts to do so. This was in striking and challenging contrast to the 
rigorous spirit of development of geometry, constructed axiomatically as early as 300 
B.C. in Euclid’s "Elements". The notion of continuity of real numbers, as well as the 
very concept of numbers were not separated from geometrical arguments until the 
nineteenth century, when it was based on more general foundations of the theory of 


sets and formal logic. 


The deductive construction of various kinds of numbers imitates to a certain 
extent, their historical development. It starts with an axiomatic theory of natural 
numbers. Its first pattern was given in 1891 by G. Peano. Having constructed 
arithmetic of natural numbers, one can continue without additional axioms to 
generalise the concept of number, using only set theory and formal logic. An outline 
of that approach is given below. 


In Peano arithmetic, natural numbers are considered elements of a set in which 
one assumes one primitive term the successor to a natural number without definition. 
The following anxious are also assumed without proof: 

(1) Two natural number are equal if and only if their successor are equal 
(2) There exists an element, denoted by 1, which is not a successor; 
(3) The axiom of mathematical induction: If 1 belongs to a set K of natural 
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numbers and if neK implies that its successor also belongs to K, then every 


natural number belongs to the set К, 


Mathematical Induction is logically equivalent to Well ordering axiom: Every 
non-empty subset S of natural numbers contains an element which is not a successor 
of any element. of that set $. Another. proposition logically equivalent with 
mathematical Induction is Dirichlet Box Principle: 

If there are more apples than boxes and we put all the apples into the boxes, 


then in at least one box there will be more than one apple. 


Dirichlet’s Box Principle has to be stated in the language of arithmetic of 
natural numbers which does not use words like "apples" or "box". Then the 
equivalence can be proved formally with axioms in set theory. The arithmetic of 
natural numbers can be developed from the Peano axioms by defining new notions 
and proving theorems. The only tools used in this deduction are the Set theory and 
formal logic. Thus, for example, one defines addition (+), multiplication (X), the 
relation of "being smaller (<)", and one proves all the familiar rules. The chain of 
reasoning may be long but nevertheless it can be carried out as shown in. i 

An Introduction to Abstract Algebra by C.C. MacDufee (John Wiley). 


The generalisation of natural numbers to integers, then to rationals, and then 


to real numbers, requires no additional primitive terms or axioms. 


Construction of Integers from Natural Numbers 
Integer numbers, among which substraction is always positive, can be 


constructed by the idea: 
Let Ме (1,2,3,....) be the set of positive integers. We construct.N XN. 


Then NXN = (а), a/ aj, 22 € N }. 

We define a relation p in NXN: (31,25) P (61,62) holds if and only if 
ay tb, = a+b; 

Then to prove, р in an equivalence relation: 

(i) аа = чар ај, аз EN => (ај, a)p (ау, а) holds 


— pis reflexive 


(i) a+b, = aj tbi => by ta, = бућа ; 4), а», bi, by e N 
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Hence (ај, аз) р (bi, b2) = (bi, 52) 2 (а, аз) holds. Thus р is symmetric. 
(iii) — (aj,25) 2661,62) and (ЫЫ) p (с.с) hold 


The a,+b, = a, +b, and by +c, = bo +c where ај, аз, by, 02, сү, C2 € N. 

But a, + by + cy = aj + by + о 

Hence a, + bj + c, = a, + by + c by substition. 

or that (ас) + b, = (aj + с) + by by associative and commutative 
property of addition in N. 

Now cancelling b; on both sides, 

a, + c, = a, + ср or that (aj, аз) р (су, су) holds. 

Hence p is transitive. 

Thus the relation p is reflexive, symmetric and transitive and hence an 
equivalence relation. The equivalence relation p partitions the NXN into subsets of 
equivalent elements in МХМ. 


(a,,4,)p(d, by) 


ipe ак of NXN as 


If aj, a; € NXN, then we name subset [ONE | 


ај-ау or b, - b; etc. 

Then / = (а, -а, | apa, EN}. 

If a; >a, then ај-а; is a positive integer. 

If a, Са; then а-а is a negative integer, 

If a,=a, then а-а, is the integer 0. 

Thus the set I contains all positive integers, O, and all negative integers. 


Let A denote set of all those pairs (a,,;) , (a, ,а)) $ (aj. aj) etc. which are equivalent 
with each other and B denotes another different set of pairs, 
(by by) , (bi, b3) „у „Ву. etc, which are equivalent with each other. We define 


A,B,... as the integer numbers. After this construction of integers we develop the 
arithmetic of integers afresh. This is done by an appropriate redefining of all 
counterparts known for natural numbers e.g. addition, A+B, multiplication, АХВ, 
ordering A <В etc. and by defining new elements that do not have the counterparts 
among the natural numbers e.g. zero, negative integers. This program can be carried 


out as shown in 


A survey of modern Algebra by G. Birkoff and S Mclame (Macmillan). 
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Construction of rationals from Integers: 
From integers we pass to the rational numbers in a analogous to that by which 
from the natural numbers. 
a,bel, b #0} of 1xI={(a,b) | a,bel}. 
bz) if and only if 


the integers have been constructed 
Consider the subset {(a,b) | 
We define a relation p’ in {(a,b) | a,b el, b+0} by, (a, b) p'(a, 
абу = 201. 
If a,=0. Then 0b,=ayb, or 0 = ауру. But bj 40 therefore aj =0. 
Also if аз =0 then a,=0. 
So if (ај, by) р’ (82,02) then a,70 Ш а›=0. 
Now (a,b) р’ (а,б) holds implying р' to be reflexive. 
Also let (a,b) р’ (22,52) hold. Then ајбу=аб ог al =ayb2 
Thus (25,55) р’ (а,Ь) holds = р’ is symmetric. 
Let ај, аз, аз 61 all different from 0, and that 
(а,б) р’ (8, b,) and (a, 67) р’ (аз, b3) hold. 
Then аур = ajb, and ауру = 2362. 
This implies (а,Ь) (2,63) = (a,b;) (a3b2) 
(ajb3) (аз) = (agb) (2262) 
(a;b; - a3b,) (82 0) = 0 by the distribution property. ` 
in I and by commutative and associative property of multiplication in I. 
Now aj #0, b; z£0 implies a,b, #0. 
Therefore cancelling або, we have ауру - ab, = 0 
or абу = a3b,, or that (а,б) р’ (a3, 03) hold. 
Hence р’ is Transitive relation. 


Since р’ is effective, symmetric and transitive relation, therefore p' is equivalence 


relation is {(a,b) | a,bel, b#0}. 


Writting P forall those elements (c,d) in (a,b) | a,b el, b+0} such that 


(a,b) p'(c,d) holds and collecting all such elements zn #0, we form the set Q, 


Then the set Q is called the set of all rational numbers. 


Hence E Laer, bel, +0) 
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If b=1 Then =a where a el 


—|а 


Е 
b 
Thus every integer positive, negative or zero belong to Q. 

An equivalence relation was defined on the set NXN to extend N to I. In an 


analogous manner the set I was extended to Q. 


] 
Let us consider two rational numbers P and Р. where р, q,p', q' are all 
q 


/ 
integers, 4720, q' #0. Writing the rational numbers P and L as ordered pairs (p,q) 
q q 


and (р’,а’). Two such pairs are equivalent if рха' =р' Хд. Let а denote the set of 
all those pairs (p,q), (p’,q’), -..etc. which are equivalent to each other. Let B denote 
the set of all those pairs (s,t), (s',t^),... etc. where s,t, s',t’ are integers, (+0, t' 0, 
and that sXt’=s'Xt i.e. (5,0, (s^,U)... etc. which are equivalent to each other. We 
define о,В,.... as the rational numbers. Again, we have to develop the arithmetic of 
rational numbers by redefining all the counterparts known already for Integers and 
by defining new elements e.g., fractions which do not have their counterpart among 
the integers. | 
Construction of Reals from Rationls 

The passage from rational number to the real numbers differs substantially 
from the two previously described transitions. Integers were defined by the use of 
pairs of natural numbers, rational numbers were defined by the use of pairs of 
integers. However, we can not pass from rational numbers to real numbers by using 
pairs of rational numbers or even sets of finite number of rationals. We have to use 
sets of infinitely many rational numbers to get a real number as done by G. Cantor. 
One method, worked out in 1872 was that given by R.Dedekind. He defines a 
Dedkind Cut by taking tabing two infinite subsets of rational numbers. Using 
Dedekined cuts, he defined the set of all real numbers. The method is two difficult 
and cumbersome. Between the rational and the real numbers, the algebraic numbers 
are constructed by use of only finite set of rationals. A number X is called albegraic 
of degree n, if it satisfies some equation of the form. 


ак ах" Foss By x Бар = 0 with rational coefficients ao, a), 47,..., 


a, and does not satisfy any other such equation of degree less than п. 
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All rational numbers are algebraic numbers of degree one. There are also 


many irrational numbers е.5. үз 8/1 ,3/5 + J3/1 , etc. which аге algebraic. Thus 
ional numbers as a subset. 


the set of all algebraic numbers contains the set of all rat 
s called transcendental 


In 1851, J. LIOUVILLE proved that there are real number 
braic. Examples of transcendental numbers are e, 7 etc. Among 


which cannot be alge 
e i=V-1 is an 


algebraic numbers there are also some complex numbers. For instanc 
satisfies the equation х2+1=0. A complex number is of 


algebraic number because it 
1. There is continuity among complex number. This 


the form «+18, o. reals, і=У- 
is evident from a geometrical point of view if the complex number are interpreted as 


points on a plane. 


In the above development, called the deductive development of the concept of 


real numbers the only axiomatic theory used was that of Peano’s arithmetic of natural 


numbers. The arithmetics of integers, rationals and real numbers were superstructures 


built up on Peano’s arithmetic of natural numbers by means of set theory and formal 


logic. 


Similarly we can assume axiomatically the arithmetic of integers (independent 
of Peano’s arithmetic) but including the concept of natural numbers to construct the 


concept of rational numbers. Similar construction of real numbers can be made from 


each of the sets of integers or rational numbers using set theory and formal logic. 

tain primitive terms without definition and 
of. Then than by use of set theory and 
rther statements, called theorems, 


An axiomatic theory assumes cer 
certain statements called axioms, without pro 
formal logic, further concepts are defined and fu 


are proved. 


Axiomatic of Real Numbers 
Real numbers a, 8, 7, «++ 
axioms, which are divided for further comments into groups marked b 


О, К. 


are elements of a set satisfying the following 
у letters М, 1, 


М. There are two operations in the set : Called + and * 


a) 4- and * satisfy closure property. 


134 


b) 
c) 
d) 
e) 
f) 

D 

Q) 

R. 


+ and * satisfy associative property. 
+ and * satisfy commutative property. 
There exists a unit element 1 in the set such that 
1. a=a.1 = а for every а 
There exist ordering relation € between any pair of elements а and 
B. This relation is trichotomic, i.e., for every о and B, one only one 
of the relation holds: 
ac«f,a-Bp,B«a 
It is also transitive: i.e., Ка <В and В «y then а <y. 
Addition is monotonic : i.e., if œ< thenaty < В + у for every y. 
Multiplication is distributive with respect to addition; 
је. (а ) y = ay + By 
a) There exists an element, O, with the property 
a+0 = 0 + а = а for every o 
b) There exists -о for every a. -а is called the negative of œ such 
that а + (-а) = 0= (-о) + а 
с) Multiplication * is monotonic; 1.е., if 


a € B and y>0 then ay < f 7. 


There exists for every a #0, its inverse, e such that а TN 1 
а о. 


Continuity of Real Numbers : For every set of real numbers bounded 
from above there exists a real number which is the least upper bound 


for that set. 


In order to illustrate how the arithmetic of real number can be derived from 


these axioms, we shall prove some theorems and define some concepts. 


1. The element 1 is unique. If there exists another unit element 1’ then 
1'1' = 1' (taking 1 as а unit element) 
1*1’ = 1 (taking 1’ as a unit element) 
P» Cancellation law for addition : If ay = B+y then 
а = В 
If possible а >= then either a<BorB<a 


>aty < В + yorBt+y<aty 
by monotony of + in R and trichotomy 
order relation 
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3. To prove that да = Ova inR: 
Ba + ба = (8+0) а by distribution property 
= (фе = Ва = Ва + 0 by property of 0. Now by 


cancellation law for addition in 2 above 0 a=0. 


4. To prove that (-)а = -0: 
at Ca) = 0 existence of negative 
= 0 a by 3 above 


| 


(14- C1))a by existence of 1 and its negative 


a + (-1) а by distributive law 
“ (-a) = (1) а by 2 above, i.e, cancellation law. 
5: To prove that а<В = -В < -a 
Given “< B = а+(-а) + (-B) < В+Са)+ (-В) 
ог (-B) < -q 
Using commutative addition and monotony property of addition. 
so if a>0 then -æ <0. 
6. To prove (-1) (-1) =1 
1+ (-1) =0= (1.0 


| 


(-1) @+(-1)) = CDI + (-1)-1) 
-1 + (1) CD 
(-1)(-1) + (-1) by commutative property of+ 


2. by cancellation and property of 3.1 = C1) CD) 
T: Cancellation low for multiplications : If a y=ßy= and y#0 then «= 


Now y#0 = ~ is a real number and that у LM 1 
Y Y 


1 
Let, eye y y#0 = (а ve = (By) = 


a(y «hj = pa by associative property of multiplication 
ni Y 
«=. 
8. To prove that there are no divisors of zero : if «в =0 then 


а=0 or В=0 


If possible let «#0, Then i exists 
a 
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10. 
11. 


12. 


ар =0 = Шер) = 2.0 
a a 


E «|p =0 
a 
1..В=0 
Thus if «#0 then В=0. Hence the result. 
[а | =а ifa 20 . Е 5 
|a [= | « -0]| gives the distance of point а on the real 
=-aifa<0, 


line from the origin. 
By definition | | »Oif a + 0 
Also [о | = | -0|<В = -В<а<В. 
ETHIC 
Open interval («,y) = {В| « < B < v) 
Closed interval [a,y] = (P|«s В s v) 
A real number В is between о and y 
1.е., a<B < уопу < В «a 
if and only if 
ја -р | +] ву] = le -Yl 
Characteristic property of the least upper bound: 
Let g be the least upper bound of a nonempty bounded above subset A of the 
set of all real numbers. Then for any real number В < о there exist in A an 
element a, such that В < а < а. 
Least upper bound of non empty bounded above subset A is unique. 


If о" be another least upper bound of A then 
at а! 
sg «a! or @'< g 


If œ < а! then there exists an element аєА such that & <a < a. This implies 


а < а, аєА. 
Thus о is not ап upperbound of the set A which is a contradiction. Hence а' does 


not exists as a least upperbound of A. Hence the result. 


Similarly every non-empty subset of R which is bounded below has a unique greatest 


lower bound. 
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13. Natural numbers: 

From the formal point of view we must now define which of the real numbers, 
as defined by the assumed axioms, are to be considered natural numbers. The idea 
is to distinguish among the real numbers a subset of elements which satisfy the Peano 
axioms. 

The first axiom, that two elements are equal if and only if their successor are 
equal, is readily satisfied by all real numbers, if we call 2+1 as the successor of a. 
However, the other Pearno axioms are not satisfied in the whole set of real numbers. 
For instance, the axiom that 1 is not a successor is false, because 1 is a successor of | 
0 in the whole set of real numbers. Also, the other Peano axiom namely the 
Mathematical Induction, is not satisfied because the proposition that every element 
is positive is false in the whole set of real numbers. Hence, we shall define the class 
of natural numbers as the subset of real numbers of which 1 is not a successor and 


for which Mathematical induction holds. 


These natural numbers as defined above, do not satisfy the axioms I and Q, 
but form a smallest subset of real numbers, satisfying the axiom N exclusively. In 


fact the axioms stated in N can be proved as theorems in Peano arithmetic. 


]4.  Integers, rational numbers : 
The integers can now be defined as the smallest subset of real numbers 
satisfying only the axioms N and I. Again the rational numbers are defined as the 


smallest set of real numbers satisfying only the axioms N, I and Q. 


This arrangement of the axioms of real numbers initiates the historical 
development. It does not require formal change of the previously accepted axioms for 
the passage from naturals, then to integers, then to rational numbers and finally to 
real numbers. Each successive group I, Q, R of axioms requires the existence of 
some new element. In the axiomatic development of real numbers the axioms 


stipulating the ordering of N and the axiom of continuity in R play essential parts. 


Let. САС 


тті 


C р Со dd, d, (1) be a decimal expansion in which there is 


а finite number (m+1) of digits Суб С before and a finite ог infinite 


sequence of digits dı, dz.. after the point. We could also assume that there are always 


138 


infinitely many digits after the point by completing a finite sequence with infinite 
sequence of zeroes. Let all the digits in (1) be given. They represent a real number 


in the following way. Consider the number 


C-C,10" «C, , 1077! +.....+ С,10 + Cy 
and call it the integer part. Now consider the set of rational numbers 
d. а 4. d, 
аа ++ и : 
10 10 10? 10 10 10" 
d, 
= МА oe , 
dio a Q) 
qus 
9 9 9 109557 9 10 1 
0 sists toe hti ә = 
10 10? 10" 10' (1-110) 10 9 10* 


Thus every decimal expansion (1) represents a unique real number. 


If the decimal part in (1) is finite then a=s, for some n 
However it is not true that every real number can be presented by a unique decinial 
sequence (1) 
For example let У = .999999...... 

then 10% = 9.99999.... 

10% - У = 9 

9y = 9 or У =] 

Thus Y =1.0000 ... and Y = .9999.... 
represent the same number. 
So if we exclude decimal sequence (1) which ends with a series of 9’s after the point 
then every real number can be represented by a unique decimal sequence (1), called 
the decimal expansion of the corresponding real number. 
Theorem on Decimal Expansion : 

Every real number 0 < а < 1 has one and only one decimal expansion. 

а = Дафа, ....d, (1) 
in which the digits Ч, d», ...., d,,... are determined by the following algorithm: We 
use [V] is the greatest integer function < У. 


Let p, =a then d; = [10 ру], If dj < 10p, Put p; = 10 p,-d, otherwise stop. 
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d, = [10 0]. If d; < 1002. then put рз = 100-02 otherwise stop. 


and then process continues 
0,244 =[10p,], 


p, 710p, -4, 
= ]0« - [10«] У 
p, = 10р, -d, 


= 102 - [102] 

d, = [10] = [10?р, - 104] 
= 10°p,] - 10[10p,] 

d, = [1010%а - ual} 
= [10a] - [102a] . 


Аран = 0p, 7 d, then 
d, g 00р,.1] 

"p, 10"! a - io"! a] 
d, = [10"a] - 10[10* а] 


This can be proved by induction. The algorithm is unique. Therefore dj, dz»... Чи are 
unique. Hence «=d;dz... is the unique decimal expansion. Now the partial sums 


(s, |eN) satisfy the inequalities. 


d d а. а 
p= дель ih E. 
10 10 10? ЛОКО ДО? 
Р ES 
“Sat” Ton 
d d. 
$5543 б=- te ће +— + 
10 10 10" 


a-s,20 94-5329 - 511: 
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0.56 5 5 Об ou + lo? б. 
Е и 
по qa? 
= 2 es "IT 
10"*! 10 
9 
1- ak, Я 
PREE) Go Pub СО 
10"*! "9 10"*! 9 
10 
1 
$——. 
10" 


Theorem : A number is rational if and only if its decimal expansion is either finite 


or periodic. 
We have seen that a finite or periodic decimal expansion is a rational number. 


Now let а be a rational number such that 


а = © is its lowers terms, bz 1. isa positive integer. 


а 

b 

Then by (2) in the last page 
p, = 10" а -[10" a] 


= 10". = – |10""' s] 
b b 


bp, = 10' а - њо s] 


20р, is a positive integer for all n € N. 
This shows that bp, is an integer and it is greater than equal to 0 since 0< p, <1 
If p,=0 for some n the bp, =0 and the algorithm stops and the decimal expansion is 
finite. 
ра 1, 
If for every nO<p, < 1 then 0< bp,<b 
Thus bp, can be one of the natural numbers 1,2,3,..., 0-1 
The b integers 
Бр, „Бру, брз» „рр, can have values belonging to the set {1 32,3,...b ) 
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Hence for some K and K+p; K, p both positive integers bp, = OP Ky 


Thus рк = PK+p- 
The algorithm for digits them by induction implies 
Pet = Ppa and so on 
or that рь, = Piper 
for any positive inter r. 
By algorithm the same follows for the digits дк, = дела tC: i.e, dis кар 


Thus the decimal expansion is periodic or recurring. 


ххх 
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2. NUMBER SYSTEM 


19 Almost what we do now depend directly or indirectly on the numbers. They 
are governing us all in one form or the other. The sheperd in earlier times used to 
keep a pebble ina stack in the morning when a sheep was allowed to go out from his 
farm yard for grazing. In the evening he used to make another stack by taking oul 
one pebble from the earlier stack against a sheep entering the farm. This activity 
started the process of counting and also the relation of one-to-one correspondence. 
In our boyhood we were taught to count the balls by familiar names: one, two, three 
жүн etc. and wrote the numerals for them as i EE The number 1,2,3...., etc. 
are called the natural numbers. Whatever we say during the counting are the natural 
numbers and what we write for them are the numerals for the numbers. The first 
name we learn is one as it is the first natural number. It has a successor in the list, 
that is, the successor of 1 is 2. The successor of 2 is 3 and in general the successor 
of the counting or the natural number п is п+1. The predecessor of n+1 is n. The 
number 1 has no predecessor or that 1 is not the successor of any natural number, 
‘The courting ean proceed without any end or interruption, So there is no last natural 
number. The set of natural numbers is denoted by N, where 
№=(1,2,3,4,6,Т,...} 
2. In the set of natural numbers N there exists an element 1e N such that 


1.n2n.l12n,Vn and there does not exist a number say 0 in N such that 
n+0=O0+ne=n,VneN 
We extend the set N to the set say 
N* =NU(0} = (0,1,2,3,4,...) 
where О є № and it satisfies 
O+n=n+0=n,VneN* (A) 
N* is called the set of all whole numbers. 
Also OeN” has the property. 
Q.n 2 п.0 20, VneN* (B) 
Besides the properties (A) and (B) all the properties which are satisfied by elements 


in N are also satisfied by elements in № obviously N e N* 
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3i We now extend the set of whole numbers № to the solution of Y of the 
equation. 
у-чл=т, Уп, тєћ№*,п> т 
or y -2m-n,Vn,meN',n»m 
The equation Y +8=17 has a solution 9 for Y. 


But the eqn. ¥+17=8 has по solution in N* 
In №, n- m is possible when n>m but m-n is not possible when n>m. 


In order to accommodate the results vVm,neN' we extend № to the set I of 


integers. 
Thus 12 (-3, -2, -1,0,1,2,3,...) 


Obviously NeN' cT. 
4. The operation of subtraction of a greater member of N' from a smaller 
member of № caused the extension of № to the set I. Let us now think about the 


operation of division in I. We know 2 = +12 has a meaning in I but = T 


Kaere TD alee Аби : А 
have по meaning іп I. E or Ea is very much undefined in I. To accommodate ratios 


of numbers in I, the set I is extended to another set 


NT pa / 2 2, dm 


Q is called the set of rational numbers. Any integer lel can be represented as a 


| 
rational number + ог = or 2 ог E etc. All the rationals generated by ior 1) are 


= ДАО 0305291 
+ — . — . — —— 


ли > , , ges tc. TE > 
= Е etc. etc (c) 


and they are equivalent to each other. So all fractions in (c) represent the same 
i 1 

rational number 1 orl. Thus [= H ЕО. In that sense / = i ЕО and hence 120. 

Division by 0 is not defined. That is the reason for writing ЧЕТ, q#0 when 


representing a rational number P Неге p and q are the numerator and denominator 
q 


respectively of E. 
q 
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The rational number p/q can be positive (when both p and q have the same 
sign) or negative or zero. 


5: Between two rational numbers a and b, a<b there lies at least one rational 
number. 
Фе | _______-- 
бољу Pe а b 


am i bod "n 


The rational number et is such that d <b. Now taking the mid-point of a 


a+b 


at 


such that 


a+b ; 
and "d. we can find another rational number 


a*b 
ра | 
2 2 


at 


« as 


Hence there is an infinite number of rational numbers between a and b. This property 
is called the denseness property of rational numbers. 


6. Terminating Decimals : A terminating decimal Фаја..а, is a rational number 
of the form р/а where 

р = аа ... Ay 

q= 10", 0 < а 59 i= 1,2, P 
7. Non-terminating recurring decimals : 


A non terminating recurring decimal number ¥ is of the type 


а, a, „а, *b, b, ... b, Je, 6563 „бу 


where 0«a;,b,, C, «9 


теу? 
i alan: 
j 25,24 
IE: oon 


Then 
107" y = аа b sib, 61516, 6, 0 
а.а ees DCC Сз" Суба nn 
"d = P. 
10" y = аа, a bibb, СС any 


0. а. 8 eee 


10" y - 10" y =4,4,....a,b,b, ab 6,6) eC, 7:410 a,b, -b 
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аа, -ajb;b, wD Cy, Cp 7 414 „аЬ, T b, 


10'(10"-1) 


фу = 


which is of the form Р ,q#0 p,qel 
q 


: En { 3 37 
8. Every rational number p/q is either a terminating decimal such as 4°25 etc. 


or a non-terminating recurring decimal such as ; = 0.142857142857 ....... 


9. Decimal numbers : 


(ај... ар • 616263 а) 


Terminating Non-terminating 
decimals decimals 
(аа;...а„. bib; Dn Оса, 559 
па ИН 
j= 1.253 s 
Non-terminating Non-terminating 
but recurring (repeating) non-recurring (non-repeating) 
decimal numbers decimal numbers 


Every rational number is either a terminating decimal or a non-terminating recurring 
(repeating) decimal numbers. A terminating decimal is a rational number. Also à 


non-terminating recurring decimal is a rational number as shown in 7. 
Hence a non-terminating non-recurring decimal number is not a rational 
number of the form р ‚Р,ЧЕГ, q#0. These non-terminating non-recurring decimal 
q 


numbers are called irrational numbers. Example /2,3'? 17'5,e, II are irrational 
numbers in the sense that none of them can be expressed in the form 


р A я : : 
р ,р,9є1,9*0.. In other words a number which when expressed in decimal form 
q 


which is neither a terminating decimal nor a non-terminating recurring decimal is an 
irrational number. 


Thus every non-terminating non-recurring decimal is an irrational number. 
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Examples : 0.02002000200002 .... is a non-terminating non-recurring decimal. 


Similarly 0.23233233323333 ..... 
0 13 113 1113 11113 ....... ‚ 0.404004000 are irrational numbers. 


Each of 


JŽ = 14142135... 


УЗ =1.73205......... 
3 (5 = 1.709975947...:4-4 
П = 3.1415926........ 


has non-terminating and non-repeating decimals. Thus each of them is an irrational 


number. 


10. There are infinitely many irrational numbers between two rational numbers. 
11. Between two irrational numbers A and B with A<B there lies atleast one 
irrational and hence an infinite number of irrational numbers. 


Given two distinct positive rational numbers а and b such that ab is not a 


perfect square, then the irrational number Vab lies between a and b. Let x and y be 
two rational numbers. We find two rational numbers and b such that 

x<a<b<y 
and аһ is not a perfect square. 


Now x «a «Jab « b «y. 


Therefore yab is an irrational number between x and y. 


12. Irrational numbers can be represented by points on the number line: 
Corresponding to every irrational number there exists a unique point on the 
number line. 
Let the number line be l. Let 
a = 0.10 100 1000 100001 ..... be an irrational number. We have to find a 
point on the number line 1 which will correspond to the irrational number a. 
m We know 0.1 <а<0.2 and .1 and .2 are rational numbers. 


Thus a lies in the closed interval d=L1, 221 


II. Now 0.101 and 0.102 are also two rational number such that 
0.101 < a « 0.102 
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This shows that a lies in the closed interval. 
d, = [.101 , .102] = {risa real number | .101« г < .102} 


We assume that 4, c d, 
III. Again 0.101001 and 0.101002 are two rational numbers such that 
.101001 < a « .101002 
This shows that a lies in the closed interval 


а, = [.101001 ,.101002] = {r isa real number | .101001 « r < < .101002} 


We observe that d, c d, c d, 
Proceeding in this way we can construct a sequence of closed intervals. 
ааа, Б neN 
such that 
d, 2d, 2d, 2 ...2d, 2d,,, 2... 
where each of the closed intervals d, contains the number a in it. We can sce that 
the length of each closed interval is decreasing and (length of d,=0 as n>) 
intuitively see that length shrinks to a point P on the line. Since every closed interval 
contains the irrational number a and also the point P on line | therefore P represents 
the irrational number а=0.101001000100001..... 


13. To find two rational number between the two given irrational numbers 

А'= 0.232332333...... 

B = 0.21211211121111 
Clearly В < A Let у = .23233 

x = .23 

ох А. 
Therefore between two irrational numbers there are infinite number of 
rational. 


14. Find two irrational numbers between the two given rational number x,y, X < 
y. 
Find the rational numbers a and b such that ab is not a perfect square and 


that x<a<b<y 


Then x<a<yab<b<y. 


Then find a rational number c and that be is not a perfect square and that 
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x<a<yab<b<c<y. Thenx<a< ab < b ybe « c « y. The two irrational numbers 


are yab and be 


15. Between any two rational numbers there are infinite number of irrational 
numbers. 

16. Between any two rational numbers there are (infinite number) of both rational 
and irrational numbers. 

17. Between any two irrational numbers there are infinite number of both rational 
and irrational numbers. 

18. Rational numbers and irrational numbers taken together form the set of real 
numbers. This set is denoted by R. Thus every real number is either a rational 
number or an irrational. number. Thus each real number has a decimal 
representation Or expansion. A finite or a non-terminating recurring decimal 
number is a rational number while non-terminating non-recurring decimal is 
an irrational number. 

Thus we have 


NeN'cIcQcR 
In the system of real numbers a? = (-a)(-a) = a.a. 2 0 


«a? = -1«0 has no solution in the set R. 
19. Complex number system : 


If а=0 and b=1 then atib = 0+1.1 =i 

and 2=-1. Therefore id R. 

If we put b=0 then at+tib=atio=aeR 

In this sense complex number atib=at+i.O=aeR. 

Thus Ке C: 

C has all the properties under addition and multiplication as per definition but 
has not ordering relation, viz., 

atib < c-id or a+ib > с+ій 

is not defined between two complex numbers. Except this ordering relation all 
properties in R are also in C. There is continuity among complex number. This is 
evident from a geometrical point of view if the complex numbers are interpreted as 


points in the plane. 
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3. PLACE-VALUE OF NUMBERS 


Grouping by tens 
We can write the numeral for any whole number with only the digits 
0; 1,2. 3, 4, 3, 0,7; 8,9. 
Observe the set 0,0,0,0,0,0,0,0,0 of say, balls. The word name for the 
number of elements is nine. The numeral for it is 9. 


Let us add one more ball to the set above. Then the word name for the 
number of elements of the new set is ten. What will be the numeral for it? Can we 
use the digits. 

0,1, 2, 3,4, 5, 6, 78:9 
to write the numeral for ten or should we create another new symbol or new numeral 
for it? If we go on creating a new symbol or new numeral for each of the sets 
starting from the set containing ten objects and augment the sets by a single more 
object at each step then it will be difficult to remember each one of them. Already 
word name is different for each one of them. 


So a plan has been devised. This ingenious plan has worked wonders and 
made the writing of numerals easy. Also their manipulation in arithmetic has become 
more systematic and scientific. The numeral for ten is written as 10 by using the 
digits 0 and 1. Mark that here we have two digits instead of one in earlier cases. This 
10 stands for ten ones. The numeral for eleven is 11. The set has eleven balls, that 
is, one more than ten balls. So eleven means one 10 and one. This fact is recorded 
in the numeral 11. Logically this means 1 in the right most end of 11 stands for 1 
(one ball) and 1 in the next place to the left some how denotes 10 (ten balls). Thus 
we see the same numeral 1 has different meanings. They have different values 
associated with them depending on its place of position in the numeral. The value 
described to a digit depending on its place in a given numeral is called its place- 
value. This logic as mentioned above was found consistent also and it really works. 


Place value of 1 is one. 
In eleven 11 
Place value of this 1 is ten. 
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Similarly in 12, place value of 1 is ten. and place value of 2 is one. 
Therefore, 12 means there is 1 ten and 2 ones. Exactly because of it, the teaching is 
done in such a way that the numeral 17 means 1 ten and 7 one. 


34 means 3 tens and 4 ones 
89 means 8 tens and 9 ones. | 
Thus if one is tempted to assemble 10 (ten) ones into a group, then 17 will mean 


1 group of ten and 7 ones, what in short, stand for 1 ten and 7 ones. A group 
of ten or 1 ten contains 10 ones (objects). Hence 17 also can be thought of seventeen 
ones. 

Following the same representation 

34 means 

3 tens and 4 ones or thirtyfour ones. 

8 tens and 9 ones or eighty nine ones. 

Here are some examples to help you think about grouping by tens and ones 
in our working system. 


1(a) 
Tens Ones 


ОООО •••• 


4 tens and 7 ones 
We write : 47 
Word name : Forty seven 


Tens One 


7 tens and 4 ones. 
We write : 74 
Word name : Seventy four 


b) For both the numbers above we have used two digits 4 and 7. Both are 
2-digit numbers. 
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с) In 47 the number four does not stand for four. It represents 4 tens 
while in 74 the number four stands for four ones. In 47, four (4) 
occupies the second place from right while in 74 it occupies the first 


place from right. 


Hundreds 


10. represent 
‚ All the numerals under consideration at this stage hi 


$ what we call one ten or one ten and 0 ones or that ten ones. 
ave two digits. They are 


called two-digit or 2-digit numerals. 
Let us consider Ninety nine. The nu 
The representation of 99 is 
as it has 9 tens and 9 ones. Add one more object to t 
word name for the number is one hundred or simply hundred. 


Now see that they can be grouped into tens and 


meral for it is 99. 


hat of what we have above. The 


ооооооооо 


a e" 


no one lies outside the group and we have ten such groups. 


Ten only 


6000000000 
[3 


One hundred 
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One hundred can be represented by 10 tens and write the numeral as 100. They also 
represent 100 ones. Thus 10 tens and hundred (100) ones mean the same thing. 


Pictorially one hundred objets will mean a rectangle as shown above. 

3; In terms of place value we have learnt earlier 100 means, 10 tens and 0 ones. 
By counting the places from the right most end in the numeral 100 we find 
that one occupies the third place. We fix the place value of the third position 
from the extreme right end as hundreds. | 
Thus 100 means 1 hundred 0 tens and 0 ones or 100 means 10 tens and 0 ones 
or 100 means 100 ones. 

Also one hundred means 1 will be followed by two zeros that is 100. 
4. (а) Сап уои count one hundred pencils without counting higher than ten? 
Explain. 
(b) Can you draw one hundred fifty without counting higher than ten? 
(c) Сапуои draw one hundred twenty seven stars without counting higher 
than ten? 

3-digit numerals 
Consider the number one hundred eleven, The numeral for it is 111. 

Extending the same logic of representation from two-digit numerals. We have 


Hundred Ten 
o O xe 


we write 111 


The right most 1 in 111 stands for 1 ones. he I left to itin 111 occupies the second 


place which is the tens place. Therefore this 1 stands for 1 ten or 10. 


The last 1 occupies the third place from the right most digit in the numeral. 
Its position puts the value 1 hundred to this 1. 

So the same integer 1 has different values according to its location in the 
numeral. Consider the numeral 999. Its representation is 


9 Hundred 
000 


000 
ооо 


we write 999 
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999 is 9 hundreds 9 tens and 9 ones. 
Add one more object to it. 


000000 OOOOOOOO өөөөөөөөө + 9 
000 О 
The last one has become ten ones. ten can put as a group of ten. So an extra one 
group of ten has been ackled to 9 tens to make it 10 tens or one hundred, Pictorially 


one gets. 


a 
ponco (0990000) (eese eere 
== 


9 hundred and extra one hundred. 
This means we have 10 hundreds. We are accustomed to grouping in tens. Taking 
hundred as a group 10 hundreds will make a new grouping what we calla thousand. 
Thus we write 10 hundreds as 1000 (as 10 will be followed by two zeros). Therefore 
one thousand has 1000 as its numeral, 1 occupying the fourth places from the right 
most end. 


Dono «QoS 
4 hundreds 3 tens and 8 ones. 
We write 438 

We read the number as four hundred thirty eight. 

(a) Number of ones is 8 and 8 occupies the right most place. 


(b) Number of tens is 3 and 3 occupies the second place from the right end. 
(c) Number of hundreds is 4 and 4 occupies the third place from the right end. 


5: Concept of a decimal 
We have studied the place-value of a digit in a whole number. Let us repeat 
it again in the following form for the sake of recapitulation and better understanding. 


Consider 386 Hundreds Tens Ones 
965 100 10 1 
386 3 8 6 
965 9 6 5 

and 671 6 7 1 
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The place value of the first numeral is ones. So we have 6 ones or 6х1 = 6. 

The place value of 6 in the second numeral is tens. 

So we have 6 tens or 6X10 = 60. The place value of 6 in the third numeral is 
hundreds. So we have 6 hundreds or 6X 100 = 600. 

We observe : The place value of a digit becomes 10 times as it moves from right 
most end to left by a place.. It becomes 10х10 = 100 times if it moved from right 
most end to left by two places. And this process continues. 


Let us see what happens when we move from left to right. Look to the same 
examples given above. 


The place value of 6 in 671 is hundred. So it is 6X 100=600. The place value 
of the digit 6 in 965 is tens. So it is 6 tens or 6x10 = 60, = 600+10 
The place value of 6 in 386 is ones. So it is 6X1 = 6 = 60+10. 


So we find that the place value of a digit is divided by 10 as it moves from 
the left to right by one place. 


6. Consider another example of the same type. Let us study the place value chart 
for the numeral 729, 72 and 7. 


Hundreds Tens Ones 
100 10 1 
TUS аы 


[элй аи 
ed 


The place value of the digit 7 in the first numeral is hundreds. It is 7 Х 100—700. The 
place value of 7 in the second one is tens. Its value is 7х10=70=700-10. The 
plave value of 7 in the third one is ones. Its value is 7Х1=7=70 10. 


This again confirms our earlier observation that the place value of a digit is 
divided by 10 as the digit moves from left to right by one place. The place value of 
the digit is divided by 10x 10=100 if it moves two places from left to right and so 


on. 
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o 
v 
> 
> 
> 
> 


в the digit 7 further by one more place to the right 


t mind as long as you have a pen in 


hat will be its place value? 


7. At the next step сап we pus 
of the ones place ? I hope you will no 
hand and a paper to write it on. Now w 
t the place value of 7 


8. Extending the same logic of movement from left to righ 


in this case should be 7 + 10=7 x ыы . Writing 5 as one tenth or what we 
cians found that this process works and is very 


call 7 tenths. The mathemati 
the same example 


consistent also. We extend and develop this idea by using 


above. 
Hundredths 


Hundreds ini = Tenths 
100 
a 


The place of the digit 7 in 729 is 700 
in 72 is 70 


in 7 is 7 ones 


ЖТ 


in Fourth one is 7x — DOR 
0 10 


or seven tenths. 


The place of digit 7 in fifth one is 7 x pe _Т_ or seven hundredths. 
100 100 


Now can we use а simple symbol to write seven-tenths ео and seven hundredths 


(7/100) by using numerals which will be less cumbersome n will help in our work? 


It is accepted that we can write seven-tenths or 7х = = = as .7 
seven hundredths or 7х— = a as .07 
TS 100 
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just by filling the gaps by zeros in the given chart above. This representation of the 
fraction EA by .7 
10 


1 
1 py 07 
100 7 


is called decimal representations. The decimal representation of the numerals in the 
above chart are 729.00, 72.00, 7.00, 0.70 and 0.07 respectively. 


9. OG; Ur. ww» 944.9 «Qs Qs Q Qs Qo Qio 
нн H 


1/10 
Division of a line segment into 10 equal parts 
Pictures Numbers (Word Fractions Decima Less Greater 
Name) one-tenth ls than than 
Qo Qi One-tenth 1/10 1 и =2 >.) 
Qo Q2 Two-tenth 2/10 2 2253 VPA 
Qo О» Three-tenth 3/10 2 344 423 
Qo Q4 Four-tenth 4/10 ‚4 we «4 
Qo Q5 Five-tenth 5/10 5 5<.6 .6<.5 
Qo © Six-tenth 6/10 6 бей. 0 
Qo Q7 seven-tenth 7/10 7 148 82-4 
Qo Qs Eight-tenth 8/10 8 8«9 928 
Qo Qs Nine-tenth 9/10 9 9«1.0 1.02.9 


Qo Qio Ten tenths or one 10х1/10 10 
=10/10 


С seve ON ааыа нт Т 
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4. SOME BASIC CONCEPTS IN 
ELEMENTARY GEOMETRY (EUCLIDEAN) 


Minimum level of Learning (MLL) to be achieved: 
The student should (1) draw the basic simple plane 
figures starting from points, lines, rays and angles (ii) see 
through some of the properties of these basic figures 
through drawing and practically discovering them by 


Observations. a 


Competency to be Developed: 

Drawing of plane figures like triangles, 
parallelogram, rectangle, square, rhombus and circle and 
studying their properties by observation. 


Competency Achievement Test: 

Equivalent test items are to be constructed on each 
concept and idea from the problems recorded and 
suggested. 


Some figures of Geometry 
Some basic figures of geometry are pictured at the 
right. Other figures of geometry are made up of these 
figures. 
i" Mark a point 0 on your paper. Use your ruler to 
draw 6 different lines that pass through that point. 
How many lines can you draw? 


2. Mark a point 0 on your paper. Use your ruler to 
draw 4 different rays from that point. How many 
rays can you draw? 

Э; Mark two points on your paper. Use your ruler to 
draw the line that passes through these two points. 
How many lines can you draw through these two 
points? 
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Line 
— 
0 
x B 
ORE 


10. 


Mark two points on your paper. Draw the line Mia dant 


segment through these points. How many line ў 
segments сап you draw? | 
ОЛ т» 
В А B 
Draw the line segment AB through two points A CECI wees, 
and В on your paper. extend it on both direction A B 


to have the line AB. Take a point C not on AB. 
a) Draw segments from C joining points on 


the line AB. 

b) Draw line segments from C to A and B. 
What is the name of the figure you have 
drawn? How many segments did you draw? 

с) How may triangles you can draw in case of 


(а) ии 
(b) 


4 © 
5 
d A 
Mark one point 0 on your paper. Draw two rays 
from this point. The figure you have drawn shows D 
an angle. 
B 


Draw a figure that is made up of 4 line segments. 
Draw a figure that is made up of 5 line segments. 
Draw an angle. Mark a point on each ray of the 


angle. Connect these two points. Do you see a 
triangle? The angle forms one of the corners of the 
triangle. Each triangle has 3 line segments called 
sides. Each triangle also has 3 ............ 


Draw an angle 


| || inside the angle 


|| де the 
triangle 


outside ће == 
angle E 


Draw a triangle 
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12: 


13. 


Draw a triangle and mark a point inside the 
triangle put your pencil on the point and draw а 
path that crosses a side of the triangle. 


a) Where is your pencil point now, inside or 
outside? 

b) Cross again. Where is your pencil point 
now? 

c) If it crosses 7 times in all, where are you ? 

d) If it crosses 10 times in all, where are you? 


Draw a triangle on a paper, colour each angle with 
different colours or mark, the sides as given by 
128 


а) Now cut out the triangle. 


b) Draw a line on another paper. Mark a point 
on the line. Tear corners off your triangle. 
Then paste the corners around the point A 
like this. Make the edges touch, but do not 
over-leap. 


make another triangle and use different colours to 
colour its corners or mark them by 4,5,6 as 
illustrated above. This time paste your 3 corners 
around the same point A above. put these corners 
on the other side of the line. 


(a) Did the 6 corners go all the way around the 
point A. 

(b) Do you think this would happen if you did 
it again with other triangles of different 
shapes ? 

(c) | What more you have observed ? 
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15; 


16. 


17. 


18. 


19. 
quadril 
shown. 


20. 


Quadrilaterals 

Mark 4 points A,B,C,D on your paper. Make sure 
that no three of them are ша line. Now use your 
ruler to connect these points to form the four line 


segments AB, AC , CD and BD. When you finish 
you get what we call a quadrilateral. 


Draw one segment on your figure so that you have 
divided the quadrilateral into two triangles. 


Draw a triangle. Draw one segment on this figure 
so that you have divided the triangle into a smaller 
triangle and a quadrilateral. 


Draw a quadrilateral, Mark a point outside the 

quadrilateral. From this point, draw a path that 

crosses the quadrilateral 6 times. 

(a) Where will your pencil be then, inside or 
outside? 

(b) If the path crosses 13 times where will be 
your pencil, inside or outside? 

Draw a quadrilateral. Colour each corner of the 

ateral by different colours or mark its side as 


a) Cut it out and tear off its corners. 

b) Mark a point A on another piece of paper. 
Paste the corners around the point A. Make 
the places touch but not over-lap. Do these 
corners go completely around the point? 


Try this experiment with a quadrilateral of a 
different shape. 
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Polygons and Diagonals 


211. 
Triangle (= = 


Quadrilateral Pentagon 


Hexagon 


POLYGONS of 3 sides, 4 sides, 5 sides and six sides. 


22. The dotted lines in the figure shows the diagonals of 


the polygon. 


This point is one of he vertices of the Polygon. It 
is called a vertex of the polygon. 


(a) How many diagonals does this polygon 
have ? 

(b | How many diagonals are there from each 
vertex ? 


23. Draw a 4-sided polygon (quadrilateral) on your 
paper. 


(a) Draw all the diagonals. 

(b) How many diagonals are there? 

(c) How many are there from each vertex? 

24. Draw a 6-sided polygon (hexagon) on your paper. 

Choose one vertex and call it A. 

(a) Ном many diagonals can you draw from A 
? 

(b) Can you draw the same number of 
diagonals from each vertex? 


25: 
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Te ee en eee RET 
Polygon Number of diagonals 


from 1 vertex 
ъ ше окр eem uit exe The a ee ox 


3 sides (triangle) 0 
4 sides (quadrilateral) 1 
5-sides (Pentagon) 2 
6-sides (Hexagon) 3 


—_________________________________________- 


26.  Ifapolygon has 10 sides, how many diagonals can 
you draw from each vertex? 

27. How many diagonals can you draw from one 
vertex of a 15-sided polygon? 

28. If one can draw just 10 diagonals from each vertex 
of a polygon then how many sides it will have ? 
How many vertices? 

29. There are 15 diagonals from each vertex of a 
polygon. Find the number of its sides and also the 
number of its vertices. 

diagonals of the 


Polygon 
Polygon 


Quadrilateral (4- 2 

sided) : 
азр... CRI 
реа ^ 


30. 


Total number of 
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Parallel Lines 


te Se es See 
eS EA 
а um d MÀ 
Parallel lines. 
We are giving you some tips to draw parallel lines. 


31. You can draw a pair of parallel lines by drawing 


| 


on each side of your ruler. 

(a) Draw some parallel lines using this method. 

(b) Would you say that line m in the picture is 
parallel to the lines drawn by the rulers. 


32. Here is a way to get parallel lines by folding a 
paper. Follow the directions as demonstrated. 
Open your paper and use the folds to draw parallel 
lines. Try to find other ways of getting parallel 
lines by folding the paper. 
33. Here is a way to use angles to get parallel lines. 
(a) Draw two lines on a paper that cross each 
other 
(b) Colour the inside of one angle red or mark 
it by 1,2. 
(c) Сш your paper as shown by dotted lines. 
(d) Cut out the angle you coloured that is along 
the lines 1 and 2. 
(e) Place the angle 1,2 or coloured one along 
one side of the other angle. Do you see 


some parallel lines? 

(f _ Draw several different lines that are parallel 
to one side of the angle. 

(ву Try to discover a different way of placing 
the angle to get parallel lines. 
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34. 


35. 


36. 


37. 


38. 


39. 


Tell what you think parallel lines are 


Angles and parallel lines 
Here you will learn some interesting relations 


between the 8 angles formed when 2 parallel lines 


are cut by a third line. 


Draw 2 parallel lines. Draw a third line that cuts 


' the 2 parallel lines. Number the angles as in the 


figure. 

Cut your paper along the top parallel line. Then 
cut along the third line which contains the angles 
1 and 2. You have now angle 1 and angle 2 cut 
out. 

Which of the other angles (3,4,5,6,7 or 8) are of 
the same size as angle 2? Use cut out angle 2 to 
help you. 

Which of the other angles are of the same size as 
that of angle 1? Use angle 1 cut out to help you. 


Draw a paper of lines that cross each other. Letter 
the angles as 9,10,11,12 as in the figure. 
(a) Which angle is of the same size as that of the 


angle 9? 


(b) Which angle is of the same size as that of the 


angle 10? 


40. 


Parallelograms 
In the last lesson we have learnt how to draw 


parallel lines. To draw a parallelogram we need to 
draw two sets of parallel lines that intersect. 


Draw two pairs of parallel lines that cross each 

other. 

(a) Colour the inside of the parallelogram or 
mark its vertices by 1,23,4 as shown. Cut 
it out. 
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е 


(b) Use your ruler to connect one pair of 
opposite corners, say 2 and 4. Then cut 
along the dotted line. If the work is done 
carefully then the two triangles should fit 


each other. 


41. Draw a triangle on a paper. 


Place another sheet of paper over the triangle and 
trace it carefully. We get two triangles say 1 and A A 
24 
(а) Colour the inside of the triangles 1 and 2. 

Cut them out. V 
(b) 


Observe that they are exactly the same 
except for the colour or the marks 1 and 2. 

(c) Paste one of the triangles on another sheet 
of paper. Now try to paste the other 
triangle next to the first one (pasted so that 
the two triangles together form a 
parallelogram. 

42. You can use folding to find the midpoint of the 
line segment or the side of a polygon. Take a sheet 
of paper and find the mid point of the edge by 
folding as demonstrated. 


43, Draw a triangle and take a cut out. Find the mid mid point ^ 
Я . mid point 
point of two sides. Draw a segment to connect 


these mid points. How. does this new segment prem 
related to the remaining side of the triangle? 
(a) Trace out the line segment joining the mid- 
points of two sides and the remaining side 
of the triangle on another sheet of paper. 
Then comment. 
44. Draw a large 4-sided polygon on your paper mid point 


(a) Cut it out. 
(b) Find the mid point of each side by folding. 


$3 point 
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45. 


40. 


47. 
48. 


49. 


Connect the mid points by segments as indicated. 

(a) What kind of a figure do you think you 
have? 

(b) Cut out along the dotted lines and this may 
help you out. 

(c) Do you think this would work if you would 
have started with a different 4-sided figure? 


Work with the cut out obtained in 45 (b) 

(a) Connect the opposite vertices in this cut out 
by a segment. This is a diagonal of the 
figure. 

(b) Cutit out along the diagonal (dotted lines). 
You get two triangles, 

(c) These two triangles fit each other. 

(d) Therefore you have a parallelogram. 


inside the 


inside the ИО 
Right angles right angle sical \ 


You can draw a right angle in many ways. 


You can use the corner of a book. 

You can use two folds in a paper as demonstrated, 

(a) Now open your paper and find a right 
angle. 
Trace over one of the right angles with 
your pencil. Use the corner of a book to 
see that you have a right angle. 


Mark 2 points on a paper. Use your ruler to 
connect the points. 


(a) Join the two points by a line segment. 
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50. 


Make a cut along the segment. 

(b) Make another fold as shown. 

(c) Now open the paper and find a right angle. 
Trace over the right angle with your pencil. 
Use a corner of your book to see that you 


have a right angle. 


A rhombus is a parallelogram that has all four 
sides equal in length. You can draw a rhombus by 
first drawing two lines on both sides of your ruler. 
Then change the direction of the ruler in any way 
you like. Again draw two lines on both sides of 
the ruler in the changed position. You have now 
got a rhombus. Then draw the diagonals. Find a 
right angle. 


Circles and right angles 


51. 


22. 


53. 


54. 


Now you will learn some interesting facts about 
circles. You will learn how to draw a right angle 
by using a circle. 


Mark a point 0 on your paper. Mark many other 
points on the paper that are 5 cm from the point 0. 
Mark enough points so you can connect them to 
help you draw a circle. 


Draw 5 circles using a round object such as cup, 
lid of a jar and a rupee coin. 


Draw a circle and cut it out. 
(a) Fold your circle in half 
(b) Again fold it in half making a second 


crease. 
(c) Open the circle and paste it on a clean sheet 
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circle 


Pad 
ey outside 


inside 


хе 


ч 


of paper. 
(d) | Draw the lines along the folds. 
(e) These lines (along the creases) cross each 
other at a point. 
(f) What point do you think this is? 
55. | Draw over one of he creases having the centre 


marked. 

(а) Mark the end points on this line segment by 
A and B. 

(b) Таке any point С on the circle different 
from A and B. 

(c) Use your ruler to draw the line segments 
AC and CB. 


(d) Find the right angle. Use a corner of your 
book to see. 

(e) ^ Repeat this again by choosing a different 
point on the circle. 

( Will this always give you a right angle? 


Right triangles and Rectangles 


right angle 


Right angle Rectangle 


Right triangle Rectangle 


56.  Drawa right angle on your paper. 
Mark a point on each ray of the angle. 


(a) Use your ruler to connect these points. 


Now you will have right triangle. 
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97: 


58. 


Draw a right angle on your paper. Make the sides 


at least 10 cms long. 


(a) 


(b) 


(c) 
(d) 


(e) 


(D 


(g) 
(h) 


(i) 


0) 
(k) 


On one side mark the point C, 6 cms from 
the corner A. On the other side mark the 
point B 8 cms. from the corner A. 

Connect these two points B and C and 
measure this segment. If your work is good 


thence BC should be 10 cms long. 

Cut it out. It is the right triangle ABC. 
Take the cut out and trace it out on another 
sheet of paper. Take the cut out from the 
tracing. 

Let us call this right triangle А’В’С’. Put 
the first cut out ABC on a sheet of paper. 
Fit in the second cut out A'B'C' on the first 
cut out ABC. Such that A' is on A, B' is 
on B, C' is on C. 

Now flip around A'B'C' in such a way that 
B' falls on C,C' on B and A' moves in the 
opposite direction to A as indicated in the 
figure. 


Angle at A and angle at A' is a right angle. 
In the figure ACA'B measure the angle 
ACA’ and АВА’ by using a corner of your 
book. 


Observe angles ACA’ and АВА’ are right 
angles. 

Hence ACA'B is a rectangle. 

Will ACA'B give you a parallelogram? 


Draw a right angle A on your paper. 


(a) 


Use a wide ruler or carefully fold the paper 
to draw lines as shown. 
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бс 


А=В 


10cm 


8cm 


B=C' 


99. 


60. 


(b) 


(c) 


(d) 


(e) 


Measure AB. Mark points C,D such that 
AB = AC = CD = BD 

Measure the angles at B.C.D with the help 
of a corner of your book. See they are all 
right angles. 

ABCD is a rectangle with 


` AB = AC = CD = BD 


This special rectangle is called a square. 


Draw a right triangle on a paper. 


(a) 


(b) 


Colour inside the two angles that are not 
right angles. Colour them with different 
colours. Or mark them by 1,23 as indicated 
in the figure. 

Cut out the triangle. Tear off the two 
corners or angles which are not right 
angles. 

Take a new sheet of paper. Draw a line on 
it. Fix a point on it. Paste the right angle at 
this fixed point. Fit in the other two corners 
over the right angle by matching the side 
numbers. Do your work carefully? 

Do you see something interesting? 

State it. 

What can you guess about the sum of 
measures of three angles in a right triangle? 


Fold your paper as shown to draw a right angle. 


(a) 


(b) 


Unfold the paper. Draw 2 segments AB and 
AC of the same length (say 5 cms) with a 
pencil. The segment BC is opposite to the 
right angle. 

Draw squares, one on each side AB and 
AC as shown. Make sure that length of 
each side of the square on AC remains 
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same. Measure the angles of the square to 


see that each angle is a right angle. с 
(с) Draw the diagonal lines as shown. 
| (d) Colour the four parts of the squares by 8 
А 


different colours. 

(e) Cut out the whole figure. Cut out each of 
the four coloured pieces. Keeping the 
triangle ABC in tact. 

(f) Figure out how to fit the four pieces 


Р ЖИЕ АААА 


together to form a square on BC. Each 


square you form should have the same 
length as BC. 
| : >. (р) After you have figured out how to form the 
square on BC complete your work by 


~ pasting the triangle ABC and the four 
pieces on a new sheet of paper. 


— » 61. Try the same experiment whenAB = AC and CB 

is 10 cm. 

— (a) Do you think the squares onAB and AC 
Ed could be made to fit in the square on BC? 
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Process for addition calculation 


To add : 645 


+ 297 
hundreds tens у ones 
- 000 
000 , PEBE а 
BEA 000 
UU — mpg [Моо 
00 


In А all the ones make 12 ones. 12 ones are then put into a group of ten and 2 
ones. The group of 10 ones makes one ten and this one group is carried over to 
the ten’s place. As there is just one group of ten we carry one in the group of tens 
from the units place. In the units place there are only 2 units left. 


In В there are 13 tens and the extra | ten from the right end make 14 tens 
altogether. We divide 14 tens into one group of ten tens and an extra of 4 tens are 
left. The one group of ten tens makes one hundred. So 1 is allowed to shift to the 
hundreds place. This shifting of 1 or carrying over 1 to the hundred's place stands 
for one group of ten tens. This leaves only 4 tens at the tens place in the addition 
process. 
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In C, we have to combine the hundreds. First we had 6 and 2. One group 
of ten tens is 1 hundred. We shift this one group ten tens to the hundreds place. 
As it is carried over it becomes 1 м the hundreds place. So in total we have 
6+2+1=9 hundreds. 


so 645 
~ - 297 
942 
25s Adhoc methods of doing addition calculations 
i) 489 + 99 
We increase 99 by 1 to 100 and at the sametime decrease 489 by ] to 488. 
Therefore 489+99 = 100 +488 = 588 


ii) 507 + 374 507 = 500 + 7 = 500+6+1(= 800+80+1=881 
(5004-7) + (300+74) 374 = 300 + 74 = 300+74 
iii) 369 300 + 50 + 19 300 + 50 + 10 + 9 
+ 572 500 + 50 + 22 500 + 50 + 20 + 3 


158 _____- Е 


800 + 100 + 41 = 941 800 + 100 + 30 + 11 = 941 


This breaking up into hundreds, fiftys, tens and ones helps to add them easily on 

a paper. This can even be tried mentally. 

These informal methods mentally or on paper lead to greater confidence of 
the children with the numbers. 

Teaching points 

a) Important languages used : hundreds, tens and ones. 

Ten of ones can be exchanged for 1 tens 

Ten of tens can be exchanged for 1 hundred after the exchange 1 carried 
over to the next place when we do addition calculation from the right most 
end. 

b) Understanding of children can be developed by building of ten in a block 
of ones, tens, hundreds and showing them over and over again and to 
initiating them to use the blocks for addition calculations 

с) То develop the association of language used with the addition of 
operations. 

d) Adhoc informal methods of doing addition calculations be attempted to 
instill confidence in children with numbers. 
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Process for subtraction Calculations: 
Subtraction calculations can be done by: 
a) the decomposition method 
b) the equal additions method 
To solve ‘443-267’ by the decomposition method with base - ten blocks 


Hundreds Tens Ones 
0000 Hone СО 
== аа [ГИЙ OOOO 

00 ООО 


posi Ч eee ee er or 
The task is to take 267 away from 443. In terms of base - ten blocks the task is 
to remove 2 hundred, 6 tens and 7 units from 4 hundred, 4 tens and 3 ones. 

The standard algorithm works from right to left. We have to remove 7 units 
from 3 units which we cannot do easily. So we take one of the tens and exchange 
it for tens units. 


443: OOOO ШЕШШ 000 whichis 0000 86638 | 000 |43'3 


LA 0009 
267: „00 Hoo 00 О 
Вав 00 5 BR 
0 
A 
0000 BE 
Ne oo mH 000 which is 
ВВВ 00 = 
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> 


In (А) 3 units in the top line is less than 7 units in the bottom line. So from 4 tens 
in the top line one ten has been shifted to the right thus making it 13 ones instead 
of 3 опез. One can remove 7 units from 13 units leaving only 6 units. But now 
there are 3 tens int he top line. At the right we have shown 4443 in the top line 
from which to subtract 267. In (B), in the top line we have 3 tens which is less 
than 6 tens in the bottom line. We shifted 1 hundred to the tens position in the top 
line to make 13 tens in these. From 13 tens we can remove 6 tens leaving 7 tens. 
3923 


At righ right 
Бп Даны у бт 


In (С) by removing 2 hundreds from 3 hundreds we are left with 1 hundred only. 
9! 343 
22267 
Mite 
ly 7 6 
If one starts to work from left to right then process may be as follows : 
Take away 267 from 443. 
Can be broken up as 
take away 200 from 443 leaving 243 
take away 60 from 243 leaving 183 
take away 6 from 183 leaving 176 
This method gives calculation mentally if numbers are small. 


The equal addition method 

This method is based on comparison structure of subtraction. It uses the 
principle that the difference between two numbers remains the same if you add the 
same number to each of the top and bottom lines. The difference between heights 
of two persons remain the same if they stand on the same table instead of the 
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floor. For the last example ‘443-267’ 


443 p AD е 41413 41413 

- 267 2 Pore 34747 334,767 
6 6 176 

(a) (b) (c) (d) 


Unable to deal with take away 7 from 3 in (a) we add ten to both the lines. In the 
top line this ten is added to the units digit making it 13 instead of 3. This is 
indicated by writing 1 infront of 3. In the bottom line the ten is added in the tens 
column increasing 6 in it earlier to 7 now. This is shown as striking through 6 and 
writing 7. 

In (b) we work with numerals in the tens place. We cannot take away j 
from 4 in the tens place. We add 1 hundred in both the lines. In the top line 
instead 1 hundred ten tens are added to make it 14 tens. In the bottom line we add 
this 1 hundred in the hundreds place to increase its present value 2 to 3. This is 


shown in (C). Now we are able to complete the subtraction as shown in (d) 


Problems with zero in the top line during subtraction calculations 

The decomposition method is the best method for subtraction. But there is 
a slight problem in using the decomposition method when there is a zero in the top 
number. 
Decomposition method when there is a zero in the top number. 
Let us calculate “802-247” 


802 oc» 18:502 18 10712 71912 
24 ВУ РО Ал; ~ О 247 

555 
(а) (b) (c) (d) 


In this subtraction shown in (a) we cannot take away 7 from 2. So by the 
decomposition method we bring 1 ten to the units place. But there are no tens in 
the tens. This is the problem. As there are no tens we go across to the hundreds 
column and exchange 1 hundred for 10 tens thereby reducing 8 to 7 in the hundred 
place while increasing 0 in the tens place to 10. This is shown in (b). From this 
10 tens in (b) we exchange 1 ten to the units making 12 units from the original 
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Е 2. But at the same time 10 tens is reduced to 9 tens in the tens place. This is 


3 shown in (c). The substraction is then completed in (d). 


Idea of equal addition in both the numbers in subtraction calculations: 
> This method can be developed into an algorithm for a much easier 
calculation if understood properly. This process will help to calculate the 


difference mentally. 


For the same example ‘443 - 267° 
443 446 476 
1 2677 ®- 270 "> 300 


— жи us 
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For the problem : ‘819 - 634’ 
819 815 800 785 
Ba | 634 7 630. 7-850 T D 
у > 185 
The number in the bottom line into a round number of tens or hundreds by adding 
(or subtract) the same thing to both the number is the key to the solution to 
x problem of subtraction. 
= Teaching points 
— : i" Method of decomposition is the best method. 
| " РА Understanding of the process is to be encouraged and instilled in a 
| kama child but not the process without any meaning. 
Ls З. Instead of borrowing and carrying emphasis is to be laid on 
Loo exchanging in the decomposition method. 
4. Encourage the students to do a lot of problems giving themselves 
| iS plenty of room for their crossings out and writing of 1s. 
— 5: Discuss with students the principle of adding the same number 


|" (subtracting the same number) to both the numbers, can convert а 


subtraction question into an easier calculation. 
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Process for Multiplication Calculations: 
Multiplication calculation can be made by: 


a) The method of the long multiplication algorithm. 
b) A simple method for multiplication using areas of rectangles 
n To calculate ‘26x34’ by the method of long multiplication algorithm. 
26 
x 34 


780 < ————— This is 26 x 30 
104 ~ —— This is 26 x 4 


884 > This is 26 X 34 
This method is based on the distributive law i.e. for any three numbers 


A,B,C. 

АХ (B+C) = (AXB) + (АХС) 
Applying this principle to ‘26 x34’, we can think of it as 26x (30--4)' and get 
the answer by multiplying the 26 first by the 30 and then by the 4, and then 
adding up the results. This method is difficult one. 


2, To calculate ‘26x34’ by using a simple method. 

This method is based on the idea of splitting up both the numbers being 
mutiplied into their tens and units. So 26 becomes ‘20+6’ and the 34 becomes 
‘30-4’. Then we have to multiply the 20 by the 30, the 20 by the 4, the 6 by the 


30, and the 6 by the 4. 


‘26х34’ can be explained very simply using the following diagrams 


34 30 4 


The answer to the multiplication is then obtained by working out the areas 


of the four separate rectangles and adding them up. 
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The actual calculation can be written out as: 


20 x 30 = 600 
6 x 30 = 180 
20x 4-2 80 
6x 4-2 24 


so 26 x34 = 884 


3. To calculate ‘348 x25’ using this simple method. 

Splitting the 348 as 300 + 40 + 8 and 25 as 20+5 into their hundreds, 
tens, ones and tens and ones respectively, we multiply the 300 by the 20, the 300 
. by the 5, the 40 by the 20, the 40 by the 5, the 8 by the 20 and 8 by the 5. Then 
all the results are added. 


‘348 x 25’ can be explained by using the diagrams. 
48 300 40 8 


300 x20 8x20 


The actual calculation can be written as: 
300x20 = 6000 
40x20 = 800 
8 x 20 = 160 
300x5 = 1500 
40x5 = 200 
8x5 = 40 


40x20 


25 => 20 


so 348x25 = 8700 

Teaching points 

1) If a primary school pupils are to be taught a method for multiplying 
together two digit numbers, students should be encouraged to use the 
method based on the areas of four rectangles, splitting each of the numbers 
into tens and units. 

2) The students should be encouraged to use the method based on the arca of 
rectangles to calculate the multiplication of 3 digit number with two digit 
number. 
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Process of Division Calculations 
Division calculation can be made by: 
(a) the adhoc repeated subtraction method, 


(b) a number of informal, adhoc approaches. 


To calculate ‘648 +24 by the adhoc repeated substraction method 
This method uses the inverse of multiplication structure and the idea of the 
repeated subtraction. Hence the questions is: How many 24S make 648? We 


approach this step by step. 


(a) (b) (c) (d) 
10 | 648+24 648 +24 648 +24 648 +24 
240 10 | 240 10 | 240 10 | 240 
408 408 408 408 

10 | 240 10 | 240 10 | 240 
168 168 168 
2 48 2 48 
120 120 
2 |48 
2: | 72 
48 
1 | 24 
— | 24 

27 
0 

Anser is 27 


In (a): Ten 24s make 240; we subtract 240 from 648 which leaves us with 408 to 
find. 

In (6): Try another ten 24s which makes 240. Subtract 240 from 408 leaving 168. 
We do not have enough for ten 24s. 


So In (c), we try two 24s which makes 48. Subtract 48 from 168 leaving 120. We 
proceed in the same way, until we have used up all the 648 as іп (d). Totting up 
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the numbers of 24s we have used down the left hand side gives us the answer lo 


the calculation: 
10+10+2+2+2+1 = 27 (Answer) 


To calculate 648 + 24 by the other informal, ad hoc approaches: 


Here we use the principle that the answer to a division calculation remains some 


if we divide both the numbers by the same thing. 


648 + 24 (dividing both numbers by 2) 324+12 

324 + 12 (dividing both number by 3) 108 + 4 

108 + 4 (dividing both numbers by 2) 54 + 2 

54 + 2 (dividing both number by 2) 27 + 1 = 27 (Answer) 


Teaching points 
1; Students should be taught the adhoc repeated substract 


for dividing first by single digit numbers and then by two-digit 


ion method 


numbers. 
2; Students should be taught th 


various division questions. 


e other informal, adhoc approaches [0 
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& 9, MULTIPLES AND FACTORS 


Teacher Trainees students should be taught to use some properties of 


numbers, including multiples and factors. 


Explanations of multiples : 
1. Concept of Multiples : The multiples of any number are obtained by 


multiplying the number in turn by each of the natural numbers 1.2,3,4,5,6 and so 
on. | 
For example: 

a) Multiples of 2 are: 2.4,6,8,10,12,14,16, des 

b) Multiples of 6 are : 6,12,18,24,30,36,42,48, was 

с) Multiples of 7 are : 7,14,21,28,35,42,49,56, МА ес. 


2. ‘Transitive property of Multiples : If A is the multiple of B and B is the 


multiple of C then A is the multiples of C. i.e. 


is a multiple of 


|| " 


| С is a multiple of 


jo ojdninur e st 


a 


For example, 32 which is a multiple of 8, must also be multiple of 2, because 8 


E itself is à multiple 72. i.e. 


"e is a multiple of 
32 


о = 
jo әүйпүпш v st 


is a multiple 


3. Digital sum of a number : The digital sum of a given number is a number 
obtained by adding the digits in the given number. For example digital sum of 


234 is 2+3+4=9. 
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4. Digital root : The digital root is а single digit number which is obtained 


by a continuous process of adding the digits in the digital sum of a given number. 


For example, the digital sum of the 2466 is 2+4+6+6=18 digital sum of 


18 is 1+8=9 
Thus 9 is the digital root. 


5: Some useful tricks for spotting various multiples 
a) Every natural numbers is a multiple of 1. 
b) Multiples of 2 are even numbers and end in 0,2,4,6 or 8. 
с) The digital sum of a multiple of 3 is always а multiple of 3; and the 
digital root is always 3,6,9. 
d) The last two digits of a multiple of 4 are themselves a multiple of 


4. 
е) Multiples of 5 always end in 0 or Sy 
f) Multiples of 6 are multiples of 2 and multiples of 3; so they must 


end in 0,2,4,6 or 8 and have a digital root of 3,6,9. 
8) The last three digits of a multiple of 8 must be multiple of 8. 


h) Multiples of 10 always and in zero. 


6. Lowest common multiple: 

Let there be two numbers and each number has a set of its multiples. Then 
the smallest number, common to both the sets of multiples, is known as lowest 
common multiple at the given two numbers. 

For example : multiples of 4 are : 4,8,12,16,20,24,28,32,...... 

multiples of 8 are ; 8,16,24,32,40,48,56,64,...... 
The number common to the two sets are : 8,16,24,32,....... 
The smallest of these is 8. 
Thus, the lowest common multiple of 4 and 8 is 8. 


This concept occurs in a number of practical situations. For examples: if 
Ram has to feed one plant every 4 days and another plant every 8 days, then the 
lowest common multiple indicates the first day on which both plants have to be 
fed, i.e., the 8th day, 
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Vxplunations of factors: 

1. Concept of factors : The concept of factors is simply the reverse of multiple. 
For example, 16 is a multiple of 4, so 4 is factor of 16. We say "4 goes into 16". 
So the factors of 16 are all those natural numbers by which 16 can be divided 
exactly: 1,2,4,8,16. Of course, 1 is the factor of all numbers and every number 
is a factor of itself. 

2.(i) The Rectangular arrays showing the factors of 16 


XXXXXXXXXXXXXXXX 
1 by 16 
XXEXXAXX 
XXXXXXXX 
2 by 8 
XXXX 
XXXX 
XXXX 
XXXX 
4 by 4. 
The above figure shows all the different of rectangular arrays possible with 
a set of 16 crosses. The dimensions of these arrays are all the factors of 16: i.e. 
1 and 16, 2 and 8, 4 and 4 ће. 4. The factors of 16 are 1,2,4,8,16. 


2(ii) The Rectangular arrays showing the factors of 28 : 
XXXXXXXXXXXXXXXXXXXXXXXXXXXX 
1 by 28 
XXXXXXXXXXXXXX 
XXXXXXXXXXXXXX 
2 by 14 
XXXXXXX 
XXXXXXX 
XXXXXXX 
XXXXXXX 
4 by 7 ; 
This above figure shows all the different rectangular arrays possible with a set of 


28 crosses. The dimensions of these arrays are all the factors of 28: i.e. 1 and 28, 
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2 and 14, 4 and 7. 


To determine whether or not a number is a factor of a given numbers: 

The given number is divided by the possible factor if the answer is a whole 
number it is a factor, otherwise it is not. For example, 23 is a factor of 1955 
because 1955+23 = 85 (whole number). And 15 is not a factors of 1955 because 
1955+15 = 130.33333 (not a whole number). 


3. Transitive property of factors : If A is factor of B and B is a factor of С then 


A is a factor of C. 


is a factor of 


is a factor of 


JO 10129j t 51 


6—8 
JO 10129] ? SI 


is a factor of 

is a factor of | 
[57 

Thus, any factor of 16 must be a factor 32, because 16 is a factor of 32. 


4. Highest common factor: 

Let there be two numbers and all the factors of these numbers be listed in 
two respective sets. Then the largest of the common factors of these two sets is 
known as the highest common factor of the given numbers. For example the two 
sets of fractors of 16 and 20 are : 

Factors of 16 : 1,2,4,8,16 

Factors of 20 : 1,2,4,5,10,20 

The factors in common are 1,2,4. So the highest common factor of 16 and 
20 is 4. 

The concept of highest common factor can be illustrated with a rectangular 
array. The problem is to arrange 16 crosses and 20 noughts in a rectangular array. 
With the same combination of crosses and noughts in each row. The highest 
common factor of 16 and 20 is 4. Thus, 4, is the greatest number of rows 
possible. Hence, 16 crosses and 20 noughts can be arranged in 4 rows with 4 
crosses and 5 noughts in each row as: 
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XXXX00000 
XXXX00000 
XXXX00000 
XXXX00000 


Teaching points : 


1) 


2) 


3) 


Students should be helped in responding to numerical situations by 
exploring the concepts and properties of multiples and factors. 
Teacher should share with the students some of the ways of testing 


of various multiples. 
Rectangular arrays to illustrate the concepts of factors should be 


used. 


Ж Ж Ж 
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